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T e x a s  W a t e r  T e c h  R o a d m a p  F o r u m
Report and Path Forward




A  Ra ce  Aga inst  T ime
“There is no resource 
more important 
to the sustainable 
growth of Texas than 
water.”
-  Andrew Sansom
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A Path  For ward
In December 2014 the Wells Fargo Foundation granted funds to Texas State University to take a series of practical first 
steps to define the most pressing water-related technology 
deficiencies for which there may be applicable intellectual 
property (IP) or researched solutions. This would serve as an 
initial “target list” for IP mapping and subsequent application 
of available, but unused or underused research in a range of 
water technology areas. 
Work evolved through a series of partnerships into an ex-
panded effort to lay the groundwork for developing a novel 
water technology roadmap to help guide Texas toward global 
leadership in water technology and sustainable use. By invi-
tation, key thought leaders in the water sector from through-
out Texas were brought together to help lay that groundwork. 
This report summarizes that effort and recommends a path 
forward to help solve Texas’ water problems and move new 






-  Ed Archuleta
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T he Wells Fargo Foundation granted funds t o  Te x a s  S t a t e  U n i v e r s i t y  t o  d e f i n e 
p ress ing  wa te r  t echno logy  de f ic ienc ies  fo r 
which  there  may be  in te l lec tua l  proper ty  or 
research  so lu t ions  tha t  can  be  implemented 
now. Furthering accomplishment of this goal 
and  expanding  i t s  scope  to  lay  the  bas is  for 
a  t echnology  roadmap for  Texas ,  numerous 
par tners  pooled  resources  to  hos t  the  Texas 
Wa te r  Techno logy  Roadmap  Fo rum. 
By invitation only, the Forum brought key 
t hough t  l e ade r s  f r om Texas ’ wa t e r  s ec to r s 
together.  Part icipants  came from throughout 
Te x a s ,  r e p r e s e n t i n g  b u s i n e s s ,  i n d u s t r y, 
g o v e r n m e n t ,  a c a d e m i a ,  i n v e s t m e n t ,  a n d 
research .  A ne twork  o f  12  Texas  un ivers i ty 
and  independent  research  ins t i tu tes  funded 
by  the  Nat iona l  Sc ience  Foundat ion ,  ca l led 
R C N - C E 3 S A R ,  s e r v e d  a s  a n  u n b i a s e d 
i ndependen t  f a c i l i t a t o r  o f  t he  fo rum.
A consensus emerged through discussion 
t ha t  Texas  i s  r ap id ly  app roach ing  a  wa t e r 
c r i s i s  r e f l e c t i ng  i s sue s  o f  supp ly,  u se  and 
qua l i ty  which  demands  immedia te  e ffor t  to 
e n s u r e  s u s t a i n a b l e  a n d  e q u i t a b l e  a c c e s s . 
Pa r t i c ipan t s  desc r ibed  c r i t i ca l  p rob lems  in 
Texas’ water  sec tors  and expressed  concern 
over  consequences  to  Texans  and  the  Texas 
economy  i f  a c t i on  i s  de l ayed .  Pa r t i c ipan t s 
f ocused  on  a  pa thway  t o  he lp  so lve  Texas ’ 
water  problems and speed water  technology 
f rom l ab ,  t o  ma rke t ,  t o  app l i c a t i on .
Participants described fragmentation in the 
water  sectors and a dysfunctional  system for 
water technology innovation. Lack of adequate 
investment,  with investors misunderstanding 
the  cu r ren t  marke t  env i ronmen t ,  i nc lud ing 
inadequate  and  inaccura te  va lu ing  of  water 
as a commodity, was among top observations. 
The  key  cha l l enge  fo r  b r ing ing  t echno logy 
t o  m a r k e t  w a s  d e s c r i b e d  a s  r e d u c i n g  t h e 
l eng th  o f  t ime  i t  t akes  to  b r ing  t echno logy 
f r o m  l a b  t o  a p p l i c a t i o n .  A h i g h  d e g r e e 
o f  r egu l a t i on ,  no t  j u s t  ove r  pub l i c  s a f e ty 
conce rns ,  bu t  a l so  ac ro s s  a cqu i s i t i on  and 
s u p p l y  c h a i n  m a n a g e m e n t  w a s  f e l t  t o 
obs t ruc t  b r ing ing  innova t ive  t echnology  to 
marke t .   Pa r t i c ipan t s  ca l l ed  fo r  r egu la to ry 
r e l i e f ,  i ndus t ry  s t anda rds ,  and  acce l e ra t ed 
research ,  deve lopment ,  demons t ra t ion ,  and 
dep loymen t  o f  new  t echno logy  f ac i l i t a t ed 
b y  t e c h n o l o g y - s p e c i f i c  d e m o n s t r a t i o n s . 
Participants also expressed need for enhanced 
publ ic  and consumer  educat ion  about  water 
scarc i ty,  va lues  of  water,  and water  use  and 
reliability, including providing insight on the 
age  and  cond i t i on  o f  wa t e r  i n f r a s t ruc tu r e . 
Par t ic ipants  ca l led  for  enhancing access 
t o  d a t a ,  a n d  i n c r e a s i n g  d a t a  q u a l i t y  a n d 
quant i ty.  They  sugges ted  a  t rus ted  c lear ing 
h o u s e  o r  v i r t u a l  n e t w o r k  f o r  c o n n e c t i n g 
wi th  da ta  housed  a t  Texas’ water  ins t i tu tes . 
Univers i t i e s  were  descr ibed  as  bes t  ab le  to 
suppor t  such  a  se rv ice .  Need  fo r  con t inued 
deve lopment  and  implementa t ion  o f  wa te r-
smar t  technologies  and educat ion  programs 
to reduce water  use were emphasized.  Water 
r eu se  shou ld  be  expanded  and  suppo r t ed . 
New marke t s  fo r  wa te r  r e s idua l s  shou ld  be 
c rea ted ,  such  as  for  sa l ine  and  gray  waters , 
and  wa t e r  p roce s s ing  byp roduc t s .
Four S tra teg i c  Ac t ions
Participants identified actions to take now 
to  suppor t  wa te r  t e chno logy  deve lopmen t : 
•  d e v e l o p  a  c y b e r i n f r a s t r u c t u r e  f o r 
i n fo rma t ion  sha r i ng , 
•  provide water technology demonstration 
and  p i l o t  p ro j ec t  t e s t  beds , 
•  inventory water technology assets, and 
•  map  wa t e r  t e chno log i e s .
The re  a r e  o the r  u rgen t  a c t i ons  needed 
i n  p o l i c y  a n d  m a r k e t  d e v e l o p m e n t  t h a t , 
wh i l e  c r i t i c a l l y  impor t an t ,  a r e  ou t s i de  o f 
t he  t e chno logy  enve lope  o f  t he  fo rum. 
Failing to act now could have dire economic 
impac t s  t o  Texans  t h rough  inc rea sed  cos t s 
o f  w a t e r  a f f e c t i n g  t h e  e c o n o m y,  l o s s  o f 
f resh  water  in  some areas ,  a ffec ts  on  publ ic 
hea l t h ,  c i v i l  un r e s t  c aused  by  d i spa r i t i e s 
i n  a c c e s s  t o  a n d  c o s t  o f  w a t e r ,  a d v e r s e 
e n v i r o n m e n t a l  i m p a c t s ,  a n d  r e d u c t i o n  o f 
f ood  p roduc t i on . 
P a r t i c i p a n t s  f e l t  t h a t  w i t h  a c t i o n  n o w 
Te x a n s  c a n  h a v e  a  s u s t a i n a b l e  s u p p l y  o f 
safe  water  for  a l l  uses ,  including to  suppor t 
future growth in population and the economy.
Over v iew
T he  main  goa l  o f  the  Forum was  to  c reate  a  pathway  for  so l v i ng Texas ’  water  p rob lem s  a nd  move  new water  techno l og y  f rom lab ,  to 
market ,  to  ap p l i cat io n . 
T h e  w o r k s h o p  w a s  d e s i g n e d  t o 
br ing together  invi ted thought  leaders 
o f  w a t e r - r e l a t e d  c o m p a n i e s ,  w a t e r 
a s s o c i a t i o n s ,  u n i v e r s i t y  a n d  o t h e r 
Texas  r e sea rch  in s t i t u t e s ,  and  o the r s 
interested in accelerating the growth of 
Texas’ water conservation technologies 
a n d  i n d u s t r i e s .  A  N a t i o n a l  S c i e n c e 
Foundat ion-suppor ted  Texas  research 
c o o r d i n a t i o n  n e t w o r k  s e r v e d  a s  a n 
i ndependen t  unb ia sed  f ac i l i t a to r  and 
add i t i ona l  sponso r . 
Participants focused on defining the 
mos t  c r i t i c a l  p rob l ems  f ac ing  Texas 
water sustainabili ty that may be solved 
t h rough  u se  o f  new  t echno log i e s . 
S p e c i f i c  s o l u t i o n s  a n d  b a r r i e r s 
w e r e  d i s c u s s e d .  P a r t i c i p a n t s  a l s o 
considered roles of  the various sectors 
w o r k i n g  i n  w a t e r  a n d  o p p o r t u n i t i e s 
f o r  coope ra t i on  and  ne twork ing . 
R e s u l t s  f r o m  t h e  w o r k s h o p  w i l l 
r e f i n e  t e c h n o l o g y  t a r g e t s ,  d e s c r i b e 
a c t i o n s  t o  r e a c h  t h o s e  t a r g e t s ,  a n d 
ult imately define the current scientif ic 
and  t e chn i ca l  c apac i t y  o f  t he  S t a t e ’ s 
c e n t e r s  o f  r e s e a r c h  a n d  t e c h n o l o g y 
demons t r a t i on . 
T e x a s  W a t e r  T e c h  R o a d m a p  F o r u m
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A  R a c e  A g a i n s t  T i m e
R oadmaps  are  much l ike  s t rateg ic  p lans .   At  the  outset ,  roadmaps require a  c lear  v is ion of  the goal  and object ives obtained through 
s takeho lder  agreement . 
A  road m ap  co nta in s  t h ree  ba s i c  categor i es  o f  i n for mat i on  a nd 
gu ida n c e  to  u s ers .
A Compa s s  -  T h ere  i s  a  mea ns  o f  g u i da nce  for  what  to  do  a nd 
what  n o t  to  d o,  re lat ing  to  the  goa l s  a nd  ob ject i ves . 
A Da s hboa rd  -  T h ere  a re  ways  to  t ra ck  prog ress  a nd  status , 
i n c l u d i n g  m e t r i c s  a n d  m i l e sto n e s ,  i n  a s  m a ny  cate g o r i e s  a s 
need ed  to  a l low regu la r  t ra ck i ng  o f  prog ress .
A GPS  -  T h ere  i s  a  way  to  deter mi ne  l ocat i on  re l at i ve  to  the 
goa l  at  any  p o int  in  t ime. 
T h e  r o a d m a p  d i s p l a y s  a  c o n t i n u -
um o f  s t ep s  t o  t ake  t o  a ch i eve  s t a t ed 
o u t c o m e s .  I t  o u t l i n e s  l i n k s  a m o n g 
t a sk s  and  p r i o r i t i e s  f o r  a c t i ons  t o  be 
t aken  immed ia t e ly  and  i n  t he  fu tu r e . 
S t akeho lde r s  he lp  c r ea t e  a  consensus 
around performance targets ,  pathways, 
a s s e t s ,  p r i o r i t i e s ,  m a r k e t  n e e d s ,  o b -
s t ac les ,  and  t ime  f rames  fo r  r e sea rch , 
deve lopmen t ,  demons t r a t i on ,  and  de -
ployment of technology and subsequent 
commerc i a l i z a t i on  pa thways .  
R o a d m a p s  a r e  o f t e n  u s e d  a s  a 
m e a n s  t o  h e l p  d i s p l a y  a n d  s i m p l i f y 
u n d e r s t a n d i n g  o f  c o m p l e x  s y s t e m s . 
The  p roces s  i t s e l f  engages  and  a l igns 
s t akeho lde r s  i n  a  common  cou r se  o f 
a c t i on .  
B u i l d i n g  a  r o a d m a p  i s  a  d y n a m i c 
p rocess .  Over  t ime ,  the  roadmap mus t 
evolve and be adapted,  accommodating 
t he  succe s se s  and  f a i l u r e s  o f  imp le -
ment ing roadmap-guided act ions ,  wi th 
s t akeho lde r s  r ema in ing  engaged . 
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The  Forum &  Charrettes
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T he  Forum was  an  i n tens i ve  workshop  i nvo l v ing  peop le  w o r k i n g together  under  compressed  dead l i nes .  I t  was  fac i l i ta ted  u s i n g 
a  charret te  process . 
Charrettes provide for an interactive 
p a c e  i n  w h i c h  a  d i v e r s e  g r o u p  o f 
stakeholders, representing pluridisciplinary 
p e r s p e c t i v e s  ( i . e . ,  m u l t i - ,  i n t e r - , 
c r o s s - ,  a n d  t r a n s - d i s c i p l i n a r y )  a r e 
b rough t  t oge the r .  Pa r t i c ipan t s  fo l low 
a  r i g o r o u s ,  f a c i l i t a t e d  v i s i o n - d r i v e n 
process  to  achieve  speci f ied  outcome-
oriented goals and objectives. Charrettes 
a r e  e s p e c i a l l y  s u i t e d  t o  e n c o u r a g e 
discussions that go beyond conventional 
th inking,  and that  s t re tch the  envelope 
of  the  s ta tus  quo into  the  realm of  new 
pos s ib i l i t i e s . 
Par t ic ipants  were asked to  organize 
thei r  thoughts  in  advance of  the  forum 
by  f i l l i ng  ou t  an  inpu t  shee t  p rov ided 
d i r e c t l y  t o  a l l  p a r t i c i p a n t s  a n d  a l s o 
ava i l ab l e  on  l i ne  ( s ee  Append ix  I I I ) . 
Upon ar r iva l ,  par t ic ipants  rece ived 
a  we l come  f rom the  o rgan i ze r s  and  a 
briefing on the charret te process.  After 
t he  b r i e f i ng ,  pa r t i c i pan t s  we re  a sked 
t o  a t t e n d  a n y  t w o  o f  f o u r  b r e a k o u t 
d i s cus s ions . 
Breakout  g roup  d i scuss ions  dur ing 
t h e  F o r u m  o f f e r e d  p a r t i c i p a n t s  a n 
opportunity to contribute to discussions 
and  l e a rn  f rom o the r s .  D i scus s ion  i s 
an  e s sen t i a l  e l emen t  o f  t he  p roce s s , 
because i t  begins  the  vi ta l ly  important 
p r o c e s s  o f  d e v e l o p i n g  a  c o m m o n 
understanding among stakeholders with 
d i ffe ren t  pe r spec t ives  and  knowledge 
levels  regarding  the  var ious  i ssues .  In 
the i r  subgroups ,  pa r t i c ipan t s  b rough t 
forward the  most  cr i t ical  i ssues  facing 
res iden t ia l ,  commerc ia l ,  ag r icu l tu ra l , 
and utili ty-based water use and markets 
t h a t  c o u l d  b e  a d d r e s s e d  t h r o u g h 
technology.  They focused on solut ions 
a n d  t h e  r o l e s  o f  t h e  p r i v a t e  s e c t o r , 
gove rnmen t ,  a cademia ,  and  r e sea r ch 
ins t i tu tes  to  address  c r i t i ca l  p roblems 
t h r o u g h  t e c h n o l o g y  i n n o v a t i o n  a n d 
marke t -d r i ven  so lu t i ons . 
Moving from a generalized discussion 
t o  a  m o r e  s p e c i f i c  s c i e n t i f i c  a n d 
technical  level ,  par t ic ipants  d iscussed 
p r i o r i t i e s ,  nea r - t e rm  needs ,  and  gaps 
f rom an  end-use r  marke t  pe r spec t ive . 
T h e  g r o u p s  d i s c u s s e d  s c e n a r i o s  f o r 
c o l l a b o r a t i o n ,  c o o r d i n a t i o n ,  a n d 
alignment of opportunities for activities, 
s u c h  a s  p r o o f  o f  c o n c e p t  a n d  p i l o t 
projects,  demonstration,  and validation 
o f  emerg ing  t e chno log i e s .
After subgroup breakout discussions, a 
final plenary session provided participants 
a n  o p p o r t u n i t y  t o  i m m e d i a t e l y  h e a r 
h i g h l i g h t s  o f  d i s c u s s i o n s  f r o m  e a c h 
b r e a k o u t  s e s s i o n .  B r e a k o u t  g r o u p 
facilitators from RCN-CE3SAR presented 
t h e  s u m m a r i e s .  A  p r e s e n t a t i o n  b y 
Fo rum f ac i l i t a t o r  Dr .  Jo rge  Vanegas 
on  t he  “Pa th  Ahead”  du r ing  t he  f i na l 
plenary session offered part icipants  an 
oppo r tun i t y  t o  con t r i bu t e  t o  pos s ib l e 
nex t  s t ep s .
T h i s  F o r u m  r e p o r t  p r o v i d e s 
pa r t i c i pan t s  a  r e co rd  o f  t he  p roce s s , 
r e su l t s ,  conc lu s ions ,  and  nex t  s t ep s .
A  R a c e  A g a i n s t  T i m e
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Forum Results  & Conclusions
B r e a k o u t  g r o u p s  f o c u s e d  o n  f o u r 
a r ea s :
•  Water  Sources
•  Water  t ranspor t
•  Water  use s
•  Enab l ing  t echno log i e s
Each  top i c  a r ea  was  t he  sub j ec t  o f 
discussion by two groups of participants. 
The results and conclusions of discussions 
i n  e ach  a r ea  a r e  p r e sen t ed  s epa ra t e ly 
i n  f o l l owing  s ec t i ons  o f  t h i s  r epo r t .  
T h e  f i f t h  s e c t i o n  t h a t  f o l l o w s  i s 
derived from subgroup discussions and 
c o v e r s  c o n s e q u e n c e s  s h o u l d  Te x a n s 
f a i l  t o  t a k e  a c t i o n  o n  c r i t i c a l  w a t e r 
problems,  bar r ie rs  to  implementa t ion , 
a n d  b e n e f i t s  s h o u l d  t h e  b a r r i e r s  b e 
removed and cr i t ica l  problems solved. 
Numerous  measu re s  o f  succe s s  we re 
a l so  de sc r i bed .
A s i x t h  s e c t i o n  c o v e r s  t h e  l a s t 
p l ena ry  s e s s ion  o f  t he  day,  when  t he 
lead  fac i l i t a tor  asked  the  en t i re  group 
s e v e r a l  q u e s t i o n s  a b o u t  d i s c u s s i o n s 
d u r i n g  t h e  d a y  a n d  w a y s  t o  m o v e 
fo rwa rd . 
A  f i n a l  s e c t i o n  c o v e r s  g e n e r a l 
ove ra l l  conc lu s ions  f rom the  fo rum.
F orum par t i c ipants  worked  in  four  subgroups  chosen  to  rough l y d i v i d e  p a r t i c i p a n t s  i n t o  g r o u p s  o f  2 0  i n d i v i d u a l s  e a c h .  T h i s  i s 
the  genera l  max imum number  o f  par t i c i pants  in  a  charret te .  
Resu l t s  -  Water  Sources
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Cri t i ca l  Prob lems
T h e  m o s t  c r i t i c a l  p r o b l e m s  b r o u g h t 
forward by the groups are l is ted with notes 
o f  exp l ana t i on .   These  a r e  no t  p r e sen t ed 
i n  any  pa r t i cu l a r  o rde r.
Water rights .  The basis  for  water  r ights 
is inadequate for today and Texas’ future, 
inc luding  inappropr ia te  a l loca t ions  and 
i ncons i s t ency.  The re  i s  a l so  a  gene ra l 
p u b l i c  m i s u n d e r s t a n d i n g  a b o u t  w a t e r 
r i gh t s  and  how such  r i gh t s  a f f ec t  con -
sumer  acce s s  t o  wa t e r.
Sal ine  water .  There  i s  a  l ack  of  proven 
t e chno log i e s  f o r  dea l i ng  w i th  and  t he 
beneficial  use of  sal ine water,  including 
desal in izat ion and disposal  of  br ine  and 
so l i d  r e s i dua l s .
R e g u l a t i o n .  T h e r e  a r e  i n c o n s i s t e n -
c i e s  i n  r e l evan t  r egu l a t i ons  and  some 
r e g u l a t i o n s  i m p o s e  u n d u e  b u r d e n s  o n 
deve lop ing  wa t e r  r e sou rce s .
Va r i a b i l i t y  i n  s u p p l y  a n d  d e m a n d . 
The re  i s  spa t i a l  and  t empora l  va r i ab i l -
i t y  o f  wa t e r  sou rce s ,  r e su l t i ng  i n  f un -
d a m e n t a l  d i s c o n n e c t s  b e t w e e n  s u p p l y 
and  demand ,  unce r t a in ty  in  supp ly  and 
demand ,  and  supp ly  shor t ages .  Mak ing 
t h i s  va r i ab i l i t y  even  ha rde r  t o  a ccom-
modate  e ffec t ive ly  i s  uncer ta in ty  in  the 
ava i l ab le  mode l s  ( s t a t i s t i c s ,  ana ly t i c s , 
and  numer ica l  methods)  fo r  e ffec t ive ly 
p r ed i c t i ng  supp ly  and  demand .
Water qua l i ty /quant i ty .  The re  a r e  i n -
adequa t e  measu remen t  and  mon i to r i ng 
systems in place for  the characterizat ion 
o f  t h e  q u a l i t y  a n d  q u a n t i t y  o f  w a t e r. 
Th i s  de f i c i ency  i nc ludes  i nadequac i e s 
i n  cha r ac t e r i z i ng  t he  phys i ca l ,  chemi -
ca l ,  r ad io log ica l ,  mic rob io log ica l ,  and 
o the r  cha r ac t e r i s t i c s  o f  va r i ous  wa t e r 
sources.  There is  also a  lack of  adequate 
c h a r a c t e r i z a t i o n  o f  r e l a t e d  e n d - u s e r 
r equ i r emen t s  f o r  wa t e r.
Wa t e r  v a l u a t i o n .  Wa t e r  i s  g e n e r a l l y 
unde rva lued  w i th  r e spec t  t o  t he  bene -
f i t s  i t  p rov ides ,  l ead ing  to  d i sconnec t s 
b e t w e e n  p e r c e i v e d  v a l u e  a n d  c o s t  t o 
p r o d u c e ,  p r o c e s s ,  a n d  r e u s e / r e c y c l e 
f r o m  v a r i o u s  p r i m a r y  a n d  s e c o n d a r y 
sou rce s .
Priority Solutions and Technologies
Top  p r io r i t i e s  fo r  so lv ing  wa te r  p rob -
l ems  i den t i f i ed  by  t he  g roups  a r e  l i s t ed .
Improve  educat ion .  There  i s  a  c r i t i ca l 
need  fo r  an  educa t ed  wa t e r  i n f r a s t ruc -
t u r e  work fo rce  fo r  cu r r en t  and  fu tu r e 
gene ra t i ons .  Th i s  i nc ludes  be t t e r  edu -
ca t ed  and  t r a i ned  r egu l a to ry  worke r s . 
E d u c a t i o n  i s  n o t  j u s t  n e e d e d  f o r 
worke r s  i n  wa t e r  i ndus t r i e s .  The  gen -
e r a l  p u b l i c  i s  i n a d e q u a t e l y  e d u c a t e d 
t o  unde r s t and  t he  connec t i on  be tween 
T his  breakout  sess ion focused part ic ipant  attent ion on water  tech -nolog i es  f rom a  source  po int  o f  v i ew.   The  d i scuss ions  inc l u d e d , 
but  were  not  l imi ted  to  convent i ona l  sources ,  g ray  water,  b ra c k i s h /
sa l t  water,  contaminated/ impaired sources,  membrane technologies , 
mater ia l s  for  mak ing  water  f i t  for  purpose ,  energy  conser vat i o n  a s -
soc iated  wi th  product ion  and  process ing  water  sources ,  and  en ergy 
recover y  or  product ion  f rom water  sources . 
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water  use ,  water  sources ,  Texas’ econo-
mies ,  and  sus ta inab le  communi t i e s  and 
indus t r i e s .  The re  i s  need  fo r  educa t ion 
o f  t he  pub l i c  r ega rd ing  wa t e r  supp ly, 
demand,  conserva t ion ,  reuse ,  and  o ther 
water  mat ters ,  wi th  a  goal  of  increas ing 
pub l i c  under s t and ing  o f  the  cha l l enges 
o f  secur ing  wa te r  and  the  need  fo r  new 
t echno log i ca l  so lu t i ons .
Accelerate  research,  development and 
demons tra t ion  o f  new  and  improved 
technolog ies .  P rob lem a reas  iden t i f i ed 
by the forum for accelerating application 
of  t echnologies  should  become pr ior i ty 
subject  areas for  research,  development, 
and demonstra t ion.  This  accelera t ion of 
t echnology  appl ica t ions  should  inc lude 
an  expedi ted  and  cons is ten t  process  for 
e v a l u a t i n g ,  a p p r o v i n g ,  a n d  d e p l o y i n g 
e x i s t i n g  a n d  e m e r g i n g  t e c h n o l o g i e s . 
T h e r e  w a s  d i s c u s s i o n  a b o u t  a p p l y i n g 
a  “ sy s t ems -based  app roach”  t o  deve l -
o p m e n t ,  e v a l u a t i o n ,  a n d  d e p l o y m e n t 
o f  e conomica l l y  v i ab l e  t e chno log i e s . 
P r i o r i t y  a r ea s  i nc lude  t e chno log i e s 
tha t  wi l l  enable  benef ic ia l  use  of  sa l ine 
w a t e r s ,  u s e  o f  i m p a i r e d  w a t e r  s o u r c -
e s  ( e . g . ,  c h e m i c a l  a n d  r a d i o l o g i c a l ) , 
a n d  e x p a n s i o n  o f  u n d e r u t i l i z e d  w a t e r 
s o u r c e s  ( e . g . ,  r a i n w a t e r  a n d  s a l i n e 
g roundwa te r ) .  Coup led  w i th  d i s cove ry 
and appl ica t ion  of  new technologies  for 
unde ru t i l i z ed  sou rce s ,  t he r e  i s  a  need 
to  deve lop  improved  means  t o  i den t i fy 
and  cha rac t e r i z e  Texas ’ unde ru t i l i z ed 
and  unconven t i ona l  wa t e r  sou rce s . 
Success in this  area wil l  a lso involve 
enhancing the  capaci ty  of  water  provid-
e r s  and  end  u se r s  t o  ma t ch  sou rce s  t o 
demands ,  needs ,  and  marke t s  ba sed  on 
p h y s i c a l ,  c h e m i c a l ,  r a d i o l o g i c a l ,  m i -
crobiological ,  and other  character is t ics .
D e v e l o p  a n d  i n s t i t u t e  e c o n o m i c a l -
l y - b a s e d ,  v a l i d  v a l u a t i o n  o f  w a t e r . 
T h e r e  i s  n e e d  f o r  a  f r a m e w o r k  o r  a n 
economic  mode l  f o r  p r i c i ng  wa t e r  i n  a 
manne r  t ha t  r e f l e c t s  i t s  t r ue  va lue  (o r 
va lue  added ) .  A sound  economic  mod-
e l ,  s u p p o r t e d  b y  a v a i l a b l e  s t a t i s t i c s 
and  ana ly s i s ,  w i l l  l eg i t im ize  t he  wa t e r 
p r i c i ng  s t r uc tu r e  and  p rov ide  a  sound 
bas i s  fo r  eva lua t ing  the  cos t -benef i t  o f 
developing,  demonstra t ing,  and deploy-
ing  i nnova t i ve  t e chno log i e s  t o  a s su r e 
adequa t e  wa t e r  sou rce s .
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Water Sec tor  Ro le s
The re  a r e  many  peop l e  spann ing  mu l -
t i p l e  s ec to r s  o f  t he  economy  and  soc i e ty 
i n  gene ra l  i nvo lved  i n  add re s s ing  wa t e r 
matters  in  Texas.  Pr ivate  industry,  govern-
men t ,  consumer s ,  a cademia ,  r e sea r che r s , 
and the nonprofi t  sector  a l l  wil l  have roles 
and  i n f l uence  on  cha r t i ng  a  r oadmap  fo r 
Texans .  The  two  g roups  convened  du r ing 
t he  fo rum d i f f e r ed  i n  t he i r  emphas i s  on 
the  ro l e  o f  gove rnmen t  ve r sus  p r iva t e  in -
dus t ry.  One group fe l t  government  needed 
t o  t ake  t he  l e ad  on  cha r t i ng  Texas ’ wa t e r 
future ,  wi th  pr ivate  industry  and academia 
p l a y i n g  a  s u p p o r t i n g  r o l e .   T h e  o t h e r 
g roup  f e l t  i t  was  t he  p r i va t e  s ec to r  t ha t 
needed  t o  l e ad ,  w i th  a cademia  p rov id ing 
t e chno logy  suppo r t ,  and  gove rnmen t  e s -
t a b l i s h i n g  a n  a p p r o p r i a t e  s t a t u t o r y  a n d 
r e g u l a t o r y  f r a m e w o r k  f o r  a p p r o v a l  a n d 
implementa t ion.  Consequent ly,  the  resul ts 
p re sen t  a  mix  o f  d i r ec t ion  on  l ead  sec to r. 
Key  dec l a r a t i ons  r ega rd ing  s ec to r  r o l e s :
R e s e a r c h  a n d  d e v e l o p m e n t  s e c t o r . 
Academia ,  p r i va t e  non -p ro f i t  r e s ea r ch 
a n d  d e v e l o p m e n t  i n s t i t u t e s ,  a n d  t h e 
Na t i ona l  Academy  o f  Sc i ences  shou ld 
s e rve  a s  i ndependen t  “hones t  b roke r s” 
t o  i d e n t i f y,  c o n d u c t  p r o o f  o f  c o n c e p t 
t e s t s ,  a n d  o v e r s e e  d e m o n s t r a t i o n s  o f 
t echno log ies  needed  to  address  c r i t i ca l 
p rob l ems .
G o v e r n m e n t  s e c t o r .  A n  a p p r o p r i a t e 
S t a t e  o r  Fede ra l  agency  shou ld  e s t ab -
l i sh  a  “ c l ea r inghouse”  fo r  i n fo rma t ion 
e n c o m p a s s i n g  w a t e r  s u p p l y,  d e m a n d , 
quan t i t y,  and  qua l i t y.
A n  a p p r o p r i a t e  S t a t e  o r  F e d e r a l 
agency  shou ld  e s t ab l i sh  a  “ t echno logy 
c l ea r inghouse”  to  house  and  d i s t r i bu te 
i n f o r m a t i o n  o n  t h e  a v a i l a b i l i t y  a n d 
e f f i c a c y  o f  t e c h n o l o g i e s  o f  p o t e n t i a l 
va lue  t o  wa t e r  s ec to r  i ndus t r i e s .
A g o v e r n m e n t  a g e n c y  s h o u l d  e s -
t a b l i s h  a  w a t e r  p r i c i n g  s t r u c t u r e  t h a t 
i n c o r p o r a t e s  t h e  t r u e  v a l u e  o f  w a t e r , 
on  a t  l e a s t  t he  s t a t e  l eve l .
Private  Sector .  Publ ic -pr iva te  par tner-
sh ip s  a r e  needed  and  shou ld  be  s t imu-
l a t ed  by  t he  p r i va t e  s ec to r.
P r i va t e  i ndus t ry  needs  t o  f und  ap -
p r o p r i a t e  r e s e a r c h  a n d  d e v e l o p m e n t 
by  academia  and  p r iva t e  non-p ro f i t  r e -
sea rch  and  deve lopment  o rgan iza t ions , 
bu t  such  co rpo ra t e  f und ing  shou ld  be 
incen t iv ized  th rough  t ax  advan tages  o r 
o the r  f i nanc i a l  o f f s e t s . 
M u l t i p l e  s e c t o r s .  T h e  p r i v a t e  s e c t o r 
and  government  have  ro les  tha t  inc lude 
fund ing  pa r tne r sh ips  and  incen t iv iz ing 
research and development  of  innovat ive 
technologies having potential commercial 
va lue  and  re levancy  to  water  indus t r ies 
and  marke t s .
Al l  pa r t i e s  have  ro le s  to  p lay  in  ed -
uca t i ng  and  marke t i ng  t o  t he  pub l i c  t o 
f a c i l i t a t e  changes  i n  pe r cep t i ons  and , 
u l t ima t e ly,  behav io r s  r ega rd ing  wa t e r 
use and technologies that  enhance avail-
ab i l i t y  o f  wa t e r  and  dec r ea se  demand .
A  R a c e  A g a i n s t  T i m e
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Cri t i ca l  Prob lems
T h e  m o s t  c r i t i c a l  p r o b l e m s  b r o u g h t 
forward by the groups are l is ted with notes 
o f  exp l ana t i on .   These  a r e  no t  p r e sen t ed 
i n  any  pa r t i cu l a r  o rde r.
In fras truc ture .  The  in f r a s t ruc tu re  fo r 
w a t e r  t r a n s p o r t  i s  a g i n g  a n d  f a i l i n g , 
l e ad ing  t o  i nc r ea sed  wa t e r  l o s se s  j u s t 
a s  l o s s  r e d u c t i o n  i s  b e c o m i n g  m o r e 
c r i t i c a l  t o  ma in t a in ing  cu r r en t  supp ly 
needs  and  keep ing  up  w i th  i nc r ea s ing 
d e m a n d .  Wa t e r  u t i l i t i e s  f a c e  c o n s i d -
e r ab l e  and  i nc r ea s ing  l i ab i l i t y  j u s t  t o 
ma in t a in  e s s en t i a l  ba se  l eve l  s e rv i ce . 
Inadequate funding and the complication 
of upgrading old infrastructure challenge 
solu t ion .  This  i ssue  extends  to  a l l  a reas 
o f  conveyance ,  such  a s  p ipe s ,  pumps , 
s t o r age ,  va lve s ,  l i f t  s t a t i ons ,  p r e s su re 
r egu l a to r s ,  e t c .
Planning.  There  i s  a  need for  increased 
p lanning  to  address  increas ing  demand, 
r i gh t  o f  way  con f l i c t s ,  and  sha r i ng  o f 
wa t e r  r e sou rce s  among  compe t ing  u s -
e r s .  P r o b l e m s  a r e  a m p l i f i e d  a s  w a t e r 
i n f r a s t r u c t u r e  c r o s s e s  j u r i s d i c t i o n a l 
b o u n d a r i e s  a n d  r e s p o n s i b i l i t i e s  a r e 
shared  among var ious  governments  and 
u t i l i t y  d i s t r i c t s . 
Regulat ion .  There  i s  a  l ack  of  common 
sense among regulators .  Current  regula-
t i ons  o f t en  cause  unneces sa ry  bu rdens 
and  f a i l  t o  a l l ow  fo r  a  common  sense 
means  t o  comp ly.
P u m p i n g .  T h e r e  i s  a  n e e d  t o  b e t t e r 
m a n a g e  a n d  a c c o u n t  f o r  e n e rg y  u s e d 
i n  wa t e r  t r an spo r t .
Storage .  Water  loss  due  to  evapora t ion 
i s  s i g n i f i c a n t  i n  Te x a s ’ l a r g e - s c a l e 
s t o r age  r e se rvo i r s ,  c ana l s ,  and  na tu r a l 
wa t e rways .  ( i . e . ,  22% lo s s  men t i oned )
Species .  There  a re  problems assoc ia ted 
wi th  invas ive  spec ie s ’ impac t  on  wa te r 
delivery and storage, the most prominent 
i s  impac t  o f  z eb ra  musse l s .
Wa t e r  v a l u a t i o n .  Wa t e r  i s  g e n e r a l l y 
unde rva lued  w i th  r e spec t  t o  t he  bene -
f i t s  i t  p rov ides ,  l ead ing  to  d i sconnec t s 
b e t w e e n  p e r c e i v e d  v a l u e  a n d  c o s t  t o 
deve lop  and  b r ing  t o  marke t  new  t ech -
no log i e s .
Priority Solutions and Technologies
In  gene ra l ,  one  o f  t he  two  g roups  t ha t 
me t  t o  d i s cus s  wa t e r  t r an spo r t  f e l t  t h e r e 
was  cons ide r ab l e  t e chno logy  now ava i l -
a b l e  t o  a d d r e s s  m a n y  o f  t h e  c h a l l e n g e s 
b r o u g h t  f o r w a r d .  T h e y  f e l t  t h e r e  w a s  a 
lack of  funding and capaci ty  to  implement 
t ha t  ex i s t i ng  t e chno logy   I n  o the r  words , 
i f  t he r e  a r e  no  funds  o r  c apac i t y  t o  im-
p l emen t  ex i s t i ng  t e chno logy,  t he r e  i s  no 
marke t  i ncen t ive  to  deve lop  and  b r ing  on 
s t i l l  n e w e r  t e c h n o l o g i e s .  To p  p r i o r i t i e s 
f o r  so lv ing  wa t e r  p rob l ems  i den t i f i ed  by 
t he  g roups  a r e  l i s t ed .
T his  breakout  sess ion  focused  part i c ipant  attent ion  on  d i scuss ing te c h n o l o g i e s  fo r  wate r  t ra n s p o r tat i o n  a n d  d e l i ve r y,  i n c l u d i n g , 
but  not  l imited to  monitor ing ,  dec is ion  tools ,  GIS  tools ,  and phys ica l 
water  t ransport  systems. 
Resu l t s  -  Water  Transport
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Funding .  Whi l e  ex i s t ing  and  emerg ing 
t e chno logy  may  p rov ide  ways  t o  t r e a t 
s o m e  o f  t h e  s y m p t o m s  o f  a g i n g  a n d 
f a i l i ng  i n f r a s t ruc tu r e  such  a s  l e akage , 
s igni f icant  funding is  needed to  replace 
a g i n g  i n f r a s t r u c t u r e  t h r o u g h  c o n v e n -
t i o n a l  m a n u a l  c o n s t r u c t i o n  m e t h o d s 
a n d  e x i s t i n g  t e c h n o l o g i e s .  C o n t i n u e d 
support  for  and use of  exis t ing t ransport 
infrastructure wil l  cont inue to  be neces-
sary  regardless  of  technology advances , 
d u e  t o  t h e  h i g h  c o s t  o f  a l t e r n a t i v e s 
and  consequence  o f  f a i l ing  to  ma in ta in 
cur ren t  base  se rv ices .   Lack  o f  fund ing 
and real is t ic  valuat ion of  water  hampers 
market-dr iven technology innovat ion in 
t r an spo r t  and  de l i ve ry  o f  wa t e r.
R e u s e .  Te c h n o l o g i e s  t o  a l l o w  u s e  o f 
gray water and other lower quali ty water 
wil l  help reduce demand and potent ia l ly 
ex t end  de l i ve ry  capac i t y.
Coopera t ion .  The re  a r e  s eve ra l  ma jo r 
a r e a s  w h e r e  c o o p e r a t i o n  w i l l  c r e a t e 
b e n e f i t s .   F o r  e x a m p l e ,  c o o p e r a t i o n 
during planning,  especial ly  where water 
conveyance systems cross  jur isdic t ions . 
S o m e  s h a r i n g  o f  i n f r a s t r u c t u r e  c o u l d 
a l s o  p r o v i d e  e f f i c i e n c i e s  i n  c o s t  a n d 
del ivery.   There  is  f ragmentat ion wi thin 
t h e  i n d u s t r y,  i n c l u d i n g  i n f r a s t r u c t u r e 
and  j u r i sd i c t i ons .  Coope ra t i on  shou ld 
h e l p  r e d u c e  t h i s  a n d  c r e a t e  m u t u a l -
l y  b e n e f i c i a l  s h a r i n g  a n d  s y n e rg i s t i c 
o p p o r t u n i t i e s .  I n c e n t i v e s  w i l l  a i d  i n 
p r o m o t i n g  c o o p e r a t i o n .   C o o p e r a t i v e 
i n fo rma t ion  sha r i ng  w i l l  be  o f  bene f i t 
t o  a l l  s e c t o r s  a n d  i s  a n o t h e r  a r e a  o f 
c o o p e r a t i o n  t h a t  c o u l d  b e  r e i n f o r c e d 
b y  i n c e n t i v e s ,  e s p e c i a l l y  f o r  s h a r i n g 
o f  p r o p r i e t a r y  i n f o r m a t i o n .  S y n t h e s i s 
and  sha r i ng  o f  i n fo rma t ion  and  g roup 
p roce s se s  may  l e ad  t o  i nc r ea sed  coop -
e r a t i on  a s  we l l .
Regu la tory  re l i e f .  Regu l a to r s  need  t o 
b e  b e t t e r  e d u c a t e d  a n d  b e t t e r  u n d e r -
s t and  t he  r ea l i t y  o f  comp l i ance  w i th in 
t h e  c o n t e x t  o f  d a y - t o - d a y  o p e r a t i o n s 
wi th in  the  indus t ry.  Regula t ions  should 
a l l ow  fo r  t e s t i ng  o f  new  t echno log i e s 
w i t h o u t  u n d u e  b u r d e n s  a n d  p r o v i d e 
fo r  common  sense  r e l i e f  f r om l i ab i l i t y 
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a n d  p e n a l t i e s .  Wi t h o u t  s u c h  r e l i e f , 
d emons t r a t i on  and  imp lemen ta t i on  o f 
m a n y  n e w  t e c h n o l o g i e s  o f  b e n e f i t  t o 
improv ing  wa t e r  ava i l ab i l i t y  and  u se 
w i l l  be  s t ymied .
Educat ion .  Many technologies  a l ready 
ex i s t  t o  add res s  c r i t i ca l  p rob lems ,  bu t 
educat ion is  needed in several  areas.  To 
br ing new technologies  to  market ,  edu-
ca t ion  may  be  needed  to  iden t i fy  them 
a s  va l i d  so lu t i ons  and  t o  demons t r a t e 
they are reasonably priced so necessary 
publ ic  inves tments  can  be  successfu l ly 
made  th rough  regu la r  u t i l i ty  f inanc ing 
mechanisms .  Educa t ion  can  he lp  focus 
p u b l i c  a t t e n t i o n  a n d  i n v e s t m e n t  t o 
he lp  so lve  problems and cover  cos ts  of 
ag ing  wa t e r  i n f r a s t ruc tu r e  i n  t he  f a ce 
o f  i nc r ea s ing  demand  and  dec r ea s ing 
supply.  This  wi l l  help  lead to  increased 
conse rva t i on  and  dec r ea sed  demand .
Monitoring and assessment .  There  are 
n e w  t e c h n o l o g i e s  r e q u i r i n g  m i n i m a l 
d i s rup t i on  t o  improve  mon i to r i ng  and 
a s se s smen t  o f  t r an spo r t  and  de l i ve ry.
Incentives .  Many technologies  exis t  to 
add re s s  c r i t i c a l  p rob l ems ,  bu t  i ncen -
t ives  a re  needed  to  make  i t  f inanc ia l ly 
possible and the regulatory environment 
m u s t  a l l o w  f o r  t e s t i n g  a n d  a p p l i c a -
t i on  s a f e  f r om d i s i ncen t i ve s ,  such  a s 
un rea sonab l e  r egu l a to ry  l i ab i l i t y.  An 
e x a m p l e  i s  e m e rg i n g  t e c h n o l o g y  f o r 
s m a l l - s c a l e  t r e a t m e n t  p l a n t s  f o r  u s e 
i n  t he  o i l  and  ga s  i ndus t ry,  f o r  med i -
ca l  f a c i l i t i e s ,  o r  f o r  o the r  spec i a l i z ed 
i ndus t r i a l  app l i c a t i on .
E n e r g y .  I m p r o v e d  w a y s  t o  m a n a g e 
ene rgy,  r educe  cos t s  and  i nc r ea se  en -
e rgy  e f f i c i ency  o f  wa t e r  t r an spo r t  a r e 
needed .
Value .  Pr icing of  water  needs to  ref lect 
t r u e  c o s t s  a n d  a l l o w  f o r  c u r r e n t  a n d 
f u t u r e  p u b l i c  a n d  p r i v a t e  i n v e s t m e n t 
t o  ma in t a in  and  upgrade  t r anspor t  and 
de l i ve ry  i n f r a s t ruc tu r e .
Water Sec tor  Ro le s
T h e r e  a r e  m a n y  p e o p l e  w o r k i n g  i n 
m u l t i p l e  s e c t o r s  o f  t h e  e c o n o m y  a n d 
s o c i e t y  i n  g e n e r a l  w h o  a r e  i n v o l v e d  i n 
add re s s ing  wa t e r  ma t t e r s  i n  Texas .  P r i -
v a t e  i n d u s t r y,  g o v e r n m e n t ,  c o n s u m e r s , 
academia ,  r e sea rchers ,  and  the  nonprof i t 
s e c to r  a l l  w i l l  h ave  ro l e s  and  i n f l uence 
on  Texas ’ wa t e r  f u tu r e .  A l l  s ec to r s  need 
to  be  ac t ive ly  invo lved .  Here  a re  the  key 
dec l a r a t i ons  t o  emerge  f rom d i scus s ions 
abou t  wa te r  t r anspo r t a t i on  and  de l i ve ry. 
Key  dec l a r a t i ons  r ega rd ing  s ec to r  ro l e s :
R e s e a r c h  a n d  d e v e l o p m e n t  s e c t o r. 
A c a d e m i a  a n d  p r i v a t e  n o n - p r o f i t  r e -
s e a r c h  a n d  d e v e l o p m e n t  i n s t i t u t e s 
should lead in conducting pi lot  projects 
and  demons t r a t i ons ,  bu t  shou ld  do  so 
i n  coope ra t i on  w i th  p r i va t e  i ndus t ry. 
Government  sector .  Regula tory  agen-
c ies  need  to  provide  be t te r  t ra in ing  for 
regu la tory  s ta ff  and  focus  a t t en t ion  on 
use  o f  common sense .  The  government 
s e c t o r  n e e d s  t o  t a k e  a  l e a d  t o  b e t t e r 
engage  ra te  payers ,  in  associa t ion  wi th 
u t i l i t i e s  t o  add re s s  m i sunde r s t and ing 
about  the value of  and pr ic ing of  water.
Mult ip l e  s ec tor s .  Al l  s ec to r s  need  t o 
be working together,  especial ly through 
establishing unusual partnerships around 
s o l v i n g  s p e c i f i c  p r o b l e m s  o r  s h a r i n g 
r e sou rce s .
Resu l t s  -  Water  Uses
T e x a s  W a t e r  T e c h  R o a d m a p  F o r u m
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Cri t i ca l  Prob lems
T h e  m o s t  c r i t i c a l  p r o b l e m s  b r o u g h t 
forward by the groups are l is ted with notes 
o f  exp l ana t i on .   These  a r e  no t  p r e sen t ed 
i n  any  pa r t i cu l a r  o rde r.
In fras t ruc ture .  The  wa t e r  i ndus t ry  i s 
cha l l enged  by  t he  cos t  and  complex i t y 
of  upgrading aging inf ras t ruc ture .  Con-
t i nu ing  t o  manage  supp ly  and  de l i ve ry 
i n  t h e  o l d  i n f r a s t r u c t u r e  w i l l  c r e a t e 
c o n t i n u i n g  a n d  i n c r e a s i n g  p r o b l e m s 
in to  the  fo reseeab le  fu tu re .  In f ra s t ruc-
t u r e  de f i c i enc i e s  unde r l i e  d i s t r i bu t i on 
ine ff ic ienc ies  and  wate r  losses .  Under-
valuat ion  of  water  and publ ic /consumer 
l a c k  o f  u n d e r s t a n d i n g  o f  t h e  c o s t  o f 
upg rades  and  consequences  o f  no t  up -
g r a d i n g  h a m p e r  s u p p o r t  f o r  a d e q u a t e 
pub l i c  i nves tmen t .
Valuation .  Water pricing models need to 
be t t e r  address  the  commodi ty  na ture  o f 
wa te r.  Wa te r  i s  gene ra l ly  unde rva lued , 
c r e a t i n g  c o n s e r v a t i o n  c h a l l e n g e s  a n d 
publ ic  misunders tand ing  about  the  t rue 
cos t  o f  pub l i c  i nves tmen t  i n  upg rades 
a n d  a p p l i c a t i o n  o f  n e w  t e c h n o l o g i e s . 
T h e r e  a l s o  a r e  p o l i t i c a l  p r e s s u r e s  t o 
keep  wa t e r  p r i c i ng  l ow.
T h i s  b re a ko u t  g ro u p  fo c u s e d  o n  wate r  te c h n o l o g i e s  f ro m  a  u s e po int  o f  v i ew for  agr i cu l tura l ,  indust r ia l ,  munic ipa l ,  and  o th e r 
uses,  inc luding ,  but  not  l imited to mater ia ls ,  sensors/devices,  energy 
source,  communicat ions,  software,  behavior  modif icat ion,  analyt ica l 
and  dec i s i on  too l s ,  etc . 
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I n f o r m a t i o n .  T h e r e  i s  a  g e n e r a l  l a c k 
o f  d a t a  c o l l e c t i o n ,  d a t a  m a n a g e m e n t , 
d a t a  a n a l y s i s ,  a n a l y t i c a l  t o o l s ,  a n d 
c o m p r e h e n s i v e  d i s t r i b u t i o n  o f  d a t a 
( o r  a cce s s ) .   The  i ndus t ry  needs  be t t e r 
w a t e r  s u p p l y / u s e  f o r e c a s t i n g  m o d e l s 
a n d  d e c i s i o n  s u p p o r t  s y s t e m s  t o  a l -
l ow  r ea l - t ime  r e sponse .  The re  i s  a l so 
a  l a ck  o f  unde r s t and ing  by  t he  pub l i c 
a n d  c o n s u m e r s  a b o u t  w a t e r  u s e  a n d 
t h e  r o l e  o f  t e c h n o l o g y.   T h i s  l a c k  o f 
pub l i c  unde r s t and ing  c rea t e s  p rob lems 
achieving conservat ion goals ,  obtaining 
p u b l i c  i n v e s t m e n t ,  a n d  i m p l e m e n t i n g 
new  t echno log i e s .
C o o p e r a t i o n .  T h e r e  i s  f r a g m e n t a t i o n 
t h roughou t  t he  i ndus t ry.
Capital .  The current  economic environ-
men t  i s  no t  a t t r ac t i ng  inves to r s  i n  new 
wa te r  t echno logy.  Fund ing  and  f inanc -
ing  are  lacking  for  upgrades  to  ex is t ing 
i n f r a s t r u c t u r e  a n d  n e w  t e c h n o l o g i e s . 
The re  i s  a  gene ra l  l a ck  o f  r i sk  t ak ing 
i n  f i nanc ing  wa t e r  t e chno logy.
Regu la t ions .  The re  i s  a  l a ck  o f  s t an -
da rd s  f o r  t e s t i ng  and  demons t r a t i on  o f 
new  t echno log i e s .   Th i s  c ause s  de l ays 
mov ing  t echno logy  th rough  r egu la to ry 
p roce s se s .
Priority Solutions and Technologies
To p  p r i o r i t i e s  f o r  s o l v i n g  p r o b l e m s 
i den t i f i ed  by  t he  g roups  a r e  l i s t ed .
Te c h n o l o g y  v a l i d a t i o n  a n d  d e p l o y -
ment .  The re  i s  a  need  fo r  i ndependen t 
t h i r d - p a r t y  r e s e a r c h  a n d  d e v e l o p m e n t 
t e s t  beds  fo r  conduc t i ng  p i l o t  p ro j ec t s 
and demonstra t ions  required  to  val idate 
technology.  Par t ic ipants  sugges ted  tha t 
standards for evaluating new water tech-
no log i e s  be  deve loped  i n  coope ra t i on 
w i th  r egu l a to r s  t o  p rov ide  g rea t e r  l ev -
e l s  o f  c e r t a i n ty  and  acce l e r a t e  mov ing 
t e chno logy  t o  ma rke t  and  dep loymen t .
Data .   Part icipants stated there is  a  need 
fo r  an  “hones t  b roke r”  o f  i n fo rma t ion . 
B a s i c  d a t a  n e e d s  t o  b e  c o l l e c t e d  a n d 
shared  wi th in  and  across  wate r  sec tors . 
Th i s  cou ld  po ten t i a l ly  be  done  th rough 
n e t w o r k e d  i n f o r m a t i o n  s h a r i n g  o r  a 
c l e a r i ng  house  open ly  ava i l ab l e .  Pa r-
t ic ipants  sugges ted  the  academic  sec tor 
wou ld  bes t  s e rve  i n  t h i s  c apac i ty.  New 
ana ly t i c a l  t oo l s  a l so  need  t o  be  deve l -
oped  and  sha r ed  fo r  u se  i n  add re s s ing 
ana ly s i s  and  r ea l - t ime  managemen t  o f 
supply,  use ,  d i s t r ibu t ion ,  conserva t ion , 
envi ronmenta l  impacts ,  and o ther  water 
s ec to r  needs .
Fu n d in g .  The re  i s  need  fo r  a cce s s  t o 
pr iva te  inves tment  cap i ta l  to  br ing  new 
technologies  to  market  and deployment . 
Th i s  may  be  accompl i shed  th rough  de -
ve lopment /app l i ca t ion  o f  new bus iness 
m o d e l s ,  g o v e r n m e n t  i n c e n t i v e s ,  a n d 
r e g u l a t o r y  r e f o r m .  U n c e r t a i n t y  a n d 
l eng th  o f  t ime  t o  marke t  c aused  by  t he 
current  regula tory  environment  must  be 
r e d u c e d  t o  r e d u c e  r i s k s  f o r  i n v e s t o r s 
i n  e a r l y - s t age  wa t e r  t e chno logy.  More 
i n fo rma t ion  i s  needed  t o  be t t e r  de f i ne 
t he  marke t s  and  r i sk s . 
There is  great  need for  public invest-
men t  t o  upg rade  ag ing  i n f r a s t ruc tu r e . 
To  p romo te  g r ea t e r  pub l i c  i nves tmen t , 
consumer s  need  t o  be  p rov ided  be t t e r 
e d u c a t i o n a l  m e s s a g e s  a b o u t  t h e  t r u e 
value  of  water,  cos ts  of  investment ,  and 
wa te r  secur i ty  r i sks  i f  in f ras t ruc tu re  i s 
no t  upg raded .
Regulatory  re l ie f .  Regula tors  can  he lp 
facil i tate innovation and implementation 
of  new technologies  by enact ing regula-
tory reforms that  offer  more cer tainty to 
entrepreneurs,  provide standards for new 
t echno logy  app rova l s ,  and  sho r t en  t he 
t ime  f r ame  fo r  va l ida t ion  and  approva l 
o f  new  t echno log i e s  f o r  u se  i n  Texas .
Infrastructure .  Over short and long term 
p lanning  hor izons ,  water  in f ras t ruc ture 
must be upgraded to increase efficiencies 
t o  r educe  cos t  and  d i s t r i bu t i on  l o s se s . 
Th i s  c an  be  accompl i shed  by  s ecu r ing 
increased public investment in structural 
upgrades ,  appl ica t ion  of  smar t  t echnol -
ogy  ( so f tware  and  ha rdware )  in  sys t em 
managemen t ,  and  u s e  o f  t e chno log i e s 
t h a t  p r o v i d e  f o r  i n f r a s t r u c t u r e  r e p a i r 
and  maintenance  wi th  minimal  invas ive 
cons t ruc t i on .
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Wa t e r  u s e  o p t i m i z a t i o n .  C h a l l e n g e s 
t o  wa t e r  s ecu r i t y  t ha t  may  r e su l t  f r om 
f r a g m e n t a t i o n  i n  t h e  w a t e r  i n d u s t r y 
should be  addressed by greater  focus  on 
i n t e rope rab i l i t y,  ba l anc ing  u se  among 
“ c o m p e t i n g ”  u s e r s  ( e . g . ,  a g r i c u l t u r -
a l ,  m u n i c i p a l ,  i n d u s t r i a l ) ,  i n c r e a s i n g 
conse rva t i on  and  r euse ,  and  ma tch ing 
qua l i t y  w i th  i n t ended  u se s .
Water Sec tor  Ro le s
The re  a r e  many  peop l e  spann ing  mu l -
t i p l e  s ec to r s  o f  t he  economy,  and  i n  so -
c i e ty  i n  gene ra l ,  i nvo lved  i n  add re s s ing 
water  mat ters  in  Texas .  For  most  purposes 
p a r t i c i p a n t s  b e l i e v e d  a l l  s e c t o r s  s h a r e 
r e spons ib i l i t y  and  mus t  work  t oge the r  t o 
achieve  progress  in  developing and br ing-
ing  t o  ma rke t  new  t echno log i e s .  
Key  dec l a r a t i ons  r ega rd ing  s ec to r  r o l e s :
R e s e a r c h  a n d  d e v e l o p m e n t  s e c t o r . 
Academia and research inst i tutes  should 
se rve  as  independent  th i rd-par ty  sourc-
e s  f o r  r e s e a r c h  a n d  d e v e l o p m e n t  t e s t 
beds ,  and for  technology evaluat ion and 
va l i da t i on .  The re  i s  a l so  a  r o l e  i n  t h i s 
sector  to  house and support  accelerators 
f o r  commerc i a l i z a t i on  and  t e chno logy 
deve lopmen t .
Th i s  sec to r  shou ld  deve lop / se rve  as 
an  independent  c lear inghouse  or  v i r tual 
r epos i t o ry  and  d i s t r i bu t i on  cen t e r  f o r 
a l l  Te x a s  w a t e r  s e c t o r  i n f o r m a t i o n , 
d a t a ,  b e s t  p r a c t i c e s ,  a n a l y t i c a l  t o o l s , 
and  t e chno logy  t r an s f e r. 
E d u c a t i o n  o f  t h e  w o r k f o r c e  a n d 
d e v e l o p m e n t / d i s t r i b u t i o n  o f  p u b l i c 
e d u c a t i o n a l  m a t e r i a l s  w e r e  d e s c r i b e d 
b y  p a r t i c i p a n t s  a s  r e s p o n s i b i l i t i e s  o f 
t he  academic  s ec to r. 
Government  sector .  Government  i s  re -
spons ib l e  fo r  s a fe ty  and  r egu la t ing  the 
indus t ry,  bu t  r egu la to r s  need  to  r educe 
b u r d e n s o m e  r e s t r i c t i o n s  o n  a p p r o v a l 
o f  new  t echno log i e s  and  speed  up  t he 
r egu l a to ry  r ev i ew  p roces se s . 
Government  should increase funding 
for  research  and  deve lopment  and  offe r 
i n c e n t i v e s  f o r  d e v e l o p i n g  n e w  w a t e r 
t e c h n o l o g i e s .  S u c h  p u b l i c  i n v e s t m e n t 
i n  w a t e r  w o u l d  r e d u c e  r i s k s  i n h e r e n t 
in  b r ing ing  new technolog ies  to  marke t 
and  d i f f i cu l t i e s  i n  ga in ing  inves tmen t . 
The government  can also play a  larg-
e r  r o l e  i n  c r ea t i ng  a  suppo r t i ve  po l i cy 
f r a m e w o r k  t h a t  f a c i l i t a t e s  i n n o v a t i o n 
and  provides  suppor t  for  br inging  tech-
no logy  i n to  t he  marke tp l ace .
Pr iva te  s ec tor .  The  p r i va t e  s ec to r  ha s 
a  l a rge  ro l e  i n  i nves tmen t  i n  new t ech -
no log i e s ,  bu t  c an  enhance  i nves tmen t 
oppo r tun i t i e s  by  a l so  p l ay ing  a  r o l e  i n 
po l i cy  i npu t ,  suppo r t  f o r  new  c r ea t i ve 
business  models ,  and regulatory reform. 
Another  ro le  i s  to  suppor t  sca le -up  and 
va l ida t ion  demons t ra t ions  in  coord ina -
t ion  wi th  the  research  and  deve lopment 
s ec to r.
Util i t ies .  New pricing models  should be 
deve loped  by  u t i l i t i e s  t o  be t t e r  r e f l e c t 
t r ue  cos t s  o f  wa t e r  and  fu tu r e  i nves t -
m e n t s  i n  i n f r a s t r u c t u r e .  T h e  p u b l i c 
a n d  c u s t o m e r s  n e e d  t o  b e  e n g a g e d  i n 
suppo r t i ng  pub l i c  i nves tmen t  i n  wa t e r 
th rough  educa t ion  abou t  t rue  cos t s  and 
inves tmen t s  needed  fo r  wa te r  s ecu r i ty. 
U t i l i t i e s  can  p l ay  a  ro l e  i n  r e sea rch 
and development  funding,  and technolo-
gy  demons t ra t ions  in  coord ina t ion  wi th 
t h e  r e s e a r c h  a n d  d e v e l o p m e n t  s e c t o r. 
The re  i s  a l so  a  r o l e  i n  da t a  co l l e c t i on 
a n d  f e e d i n g  d a t a  i n t o  a  d i s t r i b u t i o n 
ou t l e t  t o  sha r e  a c ro s s  wa t e r  s ec to r s . 
Multiple  sectors .  Al l  par t ies  have roles 
t o  p l ay  in  suppor t  fo r  fund ing ,  encour -
a g i n g  i n v e s t m e n t ,  a n d  b r i n g i n g  n e w 
wa te r  t e chno log i e s  t o  ma rke t  and  i n to 
u se .  A l l  have  sha r ed  r e spons ib i l i t y  t o 
t ake  on  t he  i nhe ren t  r i sk s  o f  b r i ng ing 
new  t echno logy  t o  ma rke t .  A l l  have  a 
r e s p o n s i b i l i t y  t o  c o n t r i b u t e  d a t a  a n d 
i n f o r m a t i o n ,  t o  b e  s h a r e d  w i t h i n  a n d 
ac ro s s  a l l  wa t e r  s ec to r s .
A  R a c e  A g a i n s t  T i m e
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Cri t i ca l  Prob lems
T h e  m o s t  c r i t i c a l  p r o b l e m s  b r o u g h t 
forward by the groups are l is ted with notes 
o f  exp l ana t i on .   These  a r e  no t  p r e sen t ed 
i n  any  pa r t i cu l a r  o rde r.
R e g u l a t i o n s .  S o m e  r u l e s  a n d  r e g u l a -
t i o n s  i m p o s e  u n d u e  b u r d e n s ,  i m p e d e , 
and  de l ay  b r i ng ing  new  t echno logy  t o 
m a r k e t  a n d  i n t o  u s e .  T h i s  m a k e s  t h e 
c y c l e  t i m e  t o  d e v e l o p ,  d e m o n s t r a t e , 
and  adop t  new  t echno log i e s  t oo  l ong .
Delay .  The re  i s  a  need  t o  dec r ea se  t he 
t ime  i t  t akes  to  b r ing  t echnology  to  the 
marke t  and  in to  use .  Pa r t i c ipan t s  men-
t ioned  unwar ran ted  regu la t ions ,  de lays 
c a u s e d  b y  r e g u l a t o r y  p r o c e s s e s ,  n e e d 
to  speed  up  new technology  va l ida t ion , 
and  r e luc t ance  to  accep t  bes t  p rac t i ces 
f r om o the r  s t a t e s / e l s ewhe re .
Validat ion .  There  is  a  lack of  s tandards 
for  tes t ing  and  va l ida t ing  technologies , 
wh ich  makes  i t  d i f f i cu l t  fo r  wa te r  u t i l -
i t i e s  t o  m a k e  d e c i s i o n s  t o  i m p l e m e n t 
t e chno log i e s .   Th i rd -pa r t y  sou rce s  a r e 
needed for  test ing,  pi lot  s tudies,  demon-
s t ra t ion ,  and other  means  of  technology 
va l i da t i on .  Bes t  p r ac t i c e s  and  va l i da -
t ion  o f  t echnology  f rom e l sewhere  may 
b e  d i s c o u n t e d  w h e n  s e e k i n g  t o  a p p l y 
n e w  t e c h n o l o g i e s  i n  Te x a s .  P r o b l e m s 
a r e  e x a c e r b a t e d  b e c a u s e  o f  a  l a c k  o f 
i n fo rma t ion  sha r i ng .
Va l u a t i o n .  Wa t e r  i s  g e n e r a l l y  u n d e r-
v a l u e d  a n d  t a k e n  f o r  g r a n t e d  i n  t h e 
minds  of  consumers .  Th is  has  c rea ted  a 
l a ck  o f  pe r spec t i ve  r ega rd ing  t he  need 
fo r  and  cos t  o f  i nnova t i on .  I t  h ampe r s 
p u b l i c  i n v e s t m e n t  a n d  r i s k - t a k i n g  i n 
deve lopmen t  and  app l i c a t i on  o f  wa t e r 
t e chno log i e s .
Cos t s .  The re  a r e  h igh  cos t s  a s soc i a t ed 
wi th  wate r  t rea tment ,  pur i f ica t ion ,  d i s -
p o s a l ,  s t o r a g e ,  l o s s ,  t r a n s p o r t ,  r e u s e , 
a n d  s e c u r i t y.  T h i s ,  c o u p l e d  w i t h  t h e 
r e l a t i v e  l o w  v a l u e  o f  w a t e r  m a k e s  i t 
d i f f i cu l t  t o  j u s t i f y  cap i t a l  i nves tmen t s 
due  t o  ex t ended  r e tu rn  on  i nves tmen t . 
Capi ta l .  Pa r t i c i pan t s  de sc r i bed  a  l a ck 
o f  a c c e s s  t o  a d e q u a t e  c a p i t a l  a n d  i n -
a d e q u a t e  i n c e n t i v e s  f o r  i n n o v a t i o n 
and  r i sk - t ak ing  i n  app l i c a t i on  o f  new 
technologies .   Water  industr ies  were de-
scr ibed as  r i sk  adverse ,  wi th  consumers 
and  some t imes  wa te r  u t i l i t y  p r inc ipa l s 
poo r ly  educa t ed  abou t  t he  advan t ages 
o f  u s e  o f  n e w  t e c h n o l o g i e s .  T h e r e  i s 
poor  unders tanding of  the  need to  share 
r i sk s  o f  i nnova t i on .
Coopera t ion .  The re  i s  need  fo r  be t t e r 
c o o p e r a t i o n  a m o n g  a l l  w a t e r  s e c t o r s . 
L a c k  o f  c o o p e r a t i o n / c o o r d i n a t i o n  h a s 
resulted in a lack of consistent ,  uniform, 
a n d  c o m p r e h e n s i v e  w a t e r  d a t a .  D a t a 
a re  unava i l ab le  o r  nonex i s t en t  i n  some 
a r ea s  o f  t e chno logy  deve lopmen t ,  and 
a  t he r e  i s  a  l a ck  o f  sha r ing  da t a  a c ro s s 
t he  i ndus t ry.
T his  breakout  sess ion  focused on  a  d i scuss ion  of  water  technolo -g ies  f rom the  po int  o f  v iew of  enabl ing  technolog ies ,  inc lud ing , 
but  not  l imi ted  to  mater ia l s ,  sensors ,  dev ices ,  energy  sources ,  sys -
tem management ,  communicat i ons ,  ana ly t i ca l  and  dec i s ion  too l s , 
and  user  behav ior  modi f i cat ion . 
Resu l t s  -  Enab l ing  Techno log ies
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E d u c a t i o n .  T h e r e  i s  a  l a c k  o f  u n d e r-
s t and ing  by  t he  pub l i c  and  consumer s 
about  water  use  and the  ro le  of  technol-
ogy.   Even  water  u t i l i ty  board  members 
may  have  a  poo r  unde r s t and ing  o f  new 
t echno log i e s .
Priority Solutions and Technologies
Top  p r io r i t i e s  fo r  so lv ing  wa te r  p rob -
l ems  i den t i f i ed  by  t he  g roups  a r e  l i s t ed .
Improve  educat ion .  There  i s  a  c r i t i ca l 
need  for  enhanced  publ ic  and  consumer 
educat ion about  water  scarc i ty  and con-
sequences  t o  wa t e r  u se  and  r e l i ab i l i t y. 
T h e  p u b l i c  s h o u l d  b e  b e t t e r  e d u c a t e d 
abou t  t he  i n t e rdependence  o f  t he  va r-
i ous  wa t e r  s ec to r s  and  wha t  t he  wa t e r 
s ec to r  means  t o  t he  economy  and  way 
of  l i fe  in  Texas .   Water  smar t  educat ion 
p rograms  l inked  to  r ea l - t ime  consumer 
u se  o f  wa t e r  may  be  an  e f f ec t i ve  way 
t o  e d u c a t e  t h e  p u b l i c  a n d  i n c r e a s e 
w a t e r  c o n s e r v a t i o n .  P u b l i c  e d u c a t i o n 
s h o u l d  a l s o  c o v e r  v a l u e  o f  w a t e r  a n d 
t h e  p o t e n t i a l  c o s t - b e n e f i t s  o f  n e w 
t e c h n o l o g i e s .  I n  a d d i t i o n  t o  h e l p i n g 
i m p r o v e  i m p l e m e n t a t i o n  o f  c o n s e r v a -
t i on  measu re s ,  such  educa t i on  shou ld 
enhance  unde r s t and ing  o f  t he  bene f i t s 
of public investment in development and 
app l i ca t ion  o f  new wate r  t echno log ies . 
Wa te r  u t i l i t y  boa rd  member s  may  a l so 
need  s imi lar  educat ion  on  cos t -benef i t s 
o f  wa t e r  t e chno log i e s  and  i nves tmen t 
bene f i t s .
A c c e l e r a t e  t h e  c y c l e  o f  r e s e a r c h , 
d e v e l o p m e n t ,  d e m o n s t r a t i o n ,  a n d 
dep loyment  br ing ing  new techno logy 
to  market  and  use .  Numerous  p r io r i t y 
s o l u t i o n s  w e r e  d e s c r i b e d  b y  p a r t i c i -
pants.  Most prominent were accelerating 
i n d e p e n d e n t  t h i r d - p a r t y  t e s t i n g ,  p i l o t 
p ro jec t s ,  and  demons t ra t ions  needed  to 
va l i da t e  t e chno logy.  Among  means  t o 
acce le ra t e  such  ac t iv i t i e s ,  pa r t i c ipan t s 
s u g g e s t e d  d e v e l o p i n g  s e t s  o f  i n d u s -
t r y  spec i f i c  s t anda rds ,  a ccep t i ng  be s t 
p rac t ices  f rom e lsewhere ,  and  reduc ing 
r egu l a to ry  bu rdens  and  de l ays .  Fa s t e r 
adop t i on  o f  new  t echno log i e s  i n  l a rge 
sca le  wi l l  enhance  access  to  capi ta l  and 
increase investment.  Time for regulatory 
rev iew may be  reduced  by  fewer  people 
making decis ions ,  creat ing eff ic iencies , 
and  r educ ing  cos t s .
Enhance qual i ty  and quantity  of  data, 
and access .  Through a cooperative insti-
tu te ,  c lear ing  house ,  o r  v i r tua l  ne twork 
( e .g . ,  “ In te rne t”  fo r  wa te r )  p rov ide  fo r 
access  to  and connect ivi ty  with  exis t ing 
da t a  housed  a t  t he  va r i ous  wa t e r  i n s t i -
tutes ,  agencies,  and enti t ies  in the Texas 
w a t e r  s e c t o r.  I n  a d d i t i o n ,  w e  n e e d  t o 
i nc r ea se  t he  amoun t  o f  da t a  co l l e c t ed , 
e s p e c i a l l y  a t  t h e  w a t e r  u t i l i t y  l e v e l . 
Ava i l ab le  da ta  shou ld  inc lude  r e sea rch 
r e su l t s ,  ava i l ab l e  t e chno log i e s  and  IP, 
p i lo t  s tudy,  and  demons t r a t ion  r e su l t s . 
To  f ac i l i t a t e  u se  o f  i n fo rma t ion ,  da t a 
s h o u l d  b e  p r o v i d e d  i n  a  c o n s i s t e n t l y 
s t r uc tu r ed  and  comprehens ive  fo rma t . 
Ex tend ing  use  o f  da t a  s t i l l  f u r the r,  b ig 
data  analyt ics  should be employed,  with 
focus  on  r ea l - t ime  ope ra t i ons ,  demand 
mode l i ng ,  and  ava i l ab i l i t y.
Access  to  capita l .  Potent ia l  inves tment 
i n  new  wa te r  t e chno log i e s  i s  h inde red 
by various factors (described elsewhere) 
t ha t  i nh ib i t  b r i ng ing  wa t e r  t e chno logy 
to  marke t  qu ick ly.  Th i s  l eads  to  unce r-
t a i n t y  a n d  a d d e d  r i s k s  i n  t h e  m a r k e t 
a n d  t o  i n v e s t o r s .  A c t i o n s  t o  d e v e l o p 
i n d u s t r y  s t a n d a r d s  a n d  a c c e l e r a t e  r e -
s e a r c h ,  d e v e l o p m e n t ,  d e m o n s t r a t i o n , 
and  deployment  of  new technology wi l l 
he lp  ga in  access  to  capi ta l  and  increase 
i nves tmen t .
Wa t e r  u s e  o p t i m i z a t i o n .  C o n t i n u e d 
d e v e l o p m e n t  a n d  i m p l e m e n t a t i o n  o f 
w a t e r  s m a r t  t e c h n o l o g i e s  a n d  e d u c a -
t i o n  p r o g r a m s  w i l l  h e l p  r e d u c e  w a t e r 
consumpt ion  and  u se .  I nc r ea sed  wa t e r 
r e u s e ,  s u c h  a s  u s e  o f  g r a y  w a t e r  a n d 
ra inwater  harves t ing  should  be  expand-
ed  and  suppor ted  th rough  br ing ing  new 
technologies  to  market .  In  addi t ion new 
marke t s  f o r  wa t e r  r e s i dua l s  shou ld  be 
c r ea t ed ,  such  a s  bene f i c i a l  u se s  o f  s a -
l i ne  wa t e r s  and  b r i ne ,  g r ay  wa t e r,  and 
byp roduc t s  f r om wa te r  p roce s s ing .
A  R a c e  A g a i n s t  T i m e
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Enabl ing  Technologies  Pr ior i ty 
L i s t
•  Techno log i e s  t ha t  w i l l  ex t end  t he  l i f e 
o f  ag ing  i n f r a s t ruc tu r e
•  “ B i g  d a t a ”  a n a l y t i c s ,  e . g . ,  r e a l - t i m e 
ope ra t i ons  da shboa rd ,  demand  pa t t e rn 
p r ed i c t i on  and  managemen t
•  Advanced  membrane  t e chno log i e s
•  More  ene rgy  e f f i c i en t  and  l e s s  expen -
s ive  de sa l i na t i on  t e chno log i e s
•  ‘ S m a r t ’ w a t e r  a n d  c o n s e r v a t i o n  t e c h -
no log i e s ,  r e s i den t i a l  and  commerc i a l 
•  Eng inee r ed  we t l ands
•  B r ine  concen t r a to r s 
•  S to r age  t e chno log i e s
•  Wa te r  coo l i ng  t e chno logy
•  Technology  to  inc rease  wate r  she l f  l i f e
•  New t echno logy  t o  add re s s  wa t e r  l o s s
•  Improved  mode l i ng  GIS
•  Commerc i a l  s ca l e  ha rve s t i ng  r a in
•  L IDAR t echno logy  fo r  wa t e r
•  Sens ing  t e chno log i e s
•  S to rmwa te r  managemen t  t e chno log i e s
•  Wa te r  conse rva t i on  t e chno logy  fo r  ag -
r i cu l t u r e
•  H o l i s t i c a l l y  ‘ s m a r t ’ h o m e s  a n d  b u s i -
n e s s e s .  C o m p o n e n t s  w i t h i n  t h a t  u s e 
wa t e r  commun ica t e  w i th  each  o the r
•  Smar t  me t e r s  t ha t  ID  p rob l ems
•  S t a t ewide  wa t e r  g r i d
•  “Hea l t h  mon i to r i ng”  o f  wa t e r  sy s t ems
•  Te c h n o l o g y  i m p l e m e n t a t i o n  a t  s m a l l 
u t i l i t i e s
•  I n - s i t u  nano t echno log i e s  f o r  l e akage
T e x a s  W a t e r  T e c h  R o a d m a p  F o r u m
22
Tr a n s f o r m a t i v e  Te c h n o l o g i e s 
L i s t  (Game  Changers )
•  Cos t  e f f ec t i ve  de sa l i na t i on
•  G loba l  a cce s s  t o  ava i l ab l e  wa t e r,  i . e . , 
being able to move water  from one place 
t o  ano the r,  anywhe re  i t  i s  needed
•  Demand  ana lys i s  t o  e ff ec t ive ly  p red ic t 
needs  and  make  i n fo rmed  dec i s i ons
•  Techno logy  va l i da t i on  i n  a  t ime ly  and 
r e l i ab l e  way ;  common  t e s t  p ro toco l s
•  E l imina te  monopo ly  s t ruc tu re  o f  wa te r 
uti l i t ies,  including deregulation of water 
u t i l i t i e s
•  Speed  up  t e chno logy  t o  ma rke t 
•  Ma jo r  change  t o  cu r r en t  cu l t u r e  o f  i n -
vestment;  change fundamental  dynamics 
o f  wa t e r  ma rke t s
Water Sec tor  Ro le s
There  are  many people  spanning mul t i -
p le  sec to r s  o f  the  economy and  in  soc ie ty 
i nvo lved  i n  add re s s ing  wa t e r  ma t t e r s  i n 
Te x a s .  F o r  m o s t  p u r p o s e s  p a r t i c i p a n t s 
be l i eved  a l l  s e c to r s  sha r e  r e spons ib i l i t y 
and  mus t  work  t oge the r  t o  a ch i eve  p rog -
ress  in  deve lop ing  and  br ing ing  to  marke t 
new  t echno log i e s .  
Key  dec l a r a t i ons  r ega rd ing  s ec to r  r o l e s :
Research and development  sector.  Ac-
ademia  and  r e sea r ch  i n s t i t u t e s  shou ld 
serve as independent  third-party sources 
for technology evaluation and validation.
Government  s ec tor .  G rea t e r  po l i t i c a l 
l e a d e r s h i p  a n d  w i l l  i s  n e e d e d  t o  a d -
d r e s s  wa t e r  i s sue s .  Gove rnmen t  needs 
t o  r e d u c e  b u r d e n s o m e  r e s t r i c t i o n s  o n 
deve lopmen t  o f  new  t echno log i e s  and 
speed up regulatory processes .  One way 
to  speed  regu la to ry  rev iew i s  to  r educe 
the  number  of  dec is ion  makers  requi red 
fo r  app rova l s . 
Gove rnmen t  shou ld  a l so  i nc r ea se  i n i -
t i a t i ve s  and  i ncen t i ve s  f o r  new  w a te r 
t e c h n o l o g i e s ,  h e l p i n g  r e d u c e  r i s k s 
i nhe ren t  i n  b r i ng ing  new  t echno log i e s 
t o  m a r k e t  a n d  d i f f i c u l t i e s  i n  g a i n i n g 
i nves tmen t .
Multiple  sectors .  Al l  par t ies  have roles 
t o  p l ay  i n  b r i ng ing  wa t e r  t e chno log i e s 
t o  m a r k e t  a n d  u s e .  A l l  m u s t  w o r k  t o 
remove s i los  and increase  col laborat ion 
a n d  c o o p e r a t i o n .  E v e r y  s e c t o r  o f  t h e 
i ndus t ry  mus t  he lp  educa t e  and  i n fo rm 
the  pub l i c  abou t  wa te r  sca rc i ty  and  the 
need  for  advanced  technology.  Al l  have 
sha red  respons ib i l i ty  to  t ake  on  the  in -
herent  r isks  of  br inging new technology 
to  marke t ;  r i sk  i s  no t  ju s t  fo r  inves to r s 
t o  a s sume .  I n  f u r t he r ance  o f  r educ ing 
r i s k s ,  a l l  s ha r e  a  r o l e  i n  a cce l e r a t i ng 
the  technology implementat ion cycle  by 
helping reduce impediments  to  br inging 
new  t echno log i e s  t o  ma rke t .
Innovators  within al l  sectors  drive inno-
va t i on ,  bu t  f o r  i nnova t i on  t o  be  v i ab l e 
i n  t he  marke tp l ace  i t  mus t  be  a l l owed 
t o  p roceed  a t  a  more  r ap id  pace .
A  R a c e  A g a i n s t  T i m e
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Consequences  o f  Fa i lure  to  Act
Economy .  Lead ing  the  l i s t  o f  l i ke ly  con -
sequences  we re  p r ed i c t i ons  o f  d i r e  e co -
nomic  impac ts  to  Texans .   These  inc luded 
an  inc reased  cos t  o f  wate r,  inc reased  cos t 
o f  w a t e r - d e p e n d e n t  g o o d s  a n d  s e r v i c e s , 
s lowing  of  economic  growth  in  a reas  wi th 
d e c l i n i n g  a v a i l a b i l i t y  o f  w a t e r ,  m o v e -
men t  o f  peop l e  ou t  o f  Texas ,  r educ t i ons 
i n  t h e  a g r i c u l t u r e  e c o n o m y,  a n d  a  s h i f t 
o f  e conomic  g rowth  t o  ou t s i de  o f  Texas . 
They  a l so  env i s ioned  an  ove ra l l  nega t ive 
impact  on  the  US economy as  a  whole  due 
t o  t he  cu r r en t  impor t ance  o f  Texas  t o  t he 
na t i ona l  e conomy.
Publ i c  Hea l th .  Reduced  acces s  t o  wa t e r, 
i m p a i r e d  w a t e r s ,  a n d  c o s t l y  w a t e r  m a y 
r e su l t  i n  pub l i c  hea l t h  impac t s  a s  peop l e 
come  in to  g r ea t e r  con t ac t  w i th  con t ami -
na t ed  wa t e r  o r  a r e  cu t  o f f  f r om acce s s  t o 
c l e a n  w a t e r.  P o o r  q u a l i t y  w a t e r  o r  l o w 
wa te r  f l ows  may  r educe  o r  e l im ina t e  wa -
te r- re la ted  rec rea t iona l  ac t iv i t i es  in  some 
a r ea s  due  t o  hea l t h  conce rns .
S o c i a l — S o c i e t y .  I n c r e a s e d  c o s t s  a n d 
r e d u c e d  a c c e s s  t o  w a t e r  c o u l d  r e s u l t  i n 
c i v i l  u n r e s t .   I n  p a r t i c u l a r,  t h e r e  c o u l d 
be  a  d i sp ropo r t i ona l l y  h ighe r  impac t  on 
people  in  lower  economic  bracke ts .  There 
w i l l  be  an  ove ra l l  r educ t ion  i n  qua l i t y  o f 
l i fe  for  many Texans .  At  a  minimum, there 
w i l l  b e  i n c r e a s e d  w a t e r  u s e  r e s t r i c t i o n s 
i n  many  a r ea s  o f  Texas  and  a  l i ke l i hood 
o f  i nc r ea sed  l i t i ga t i on  ove r  wa t e r  a cce s s 
and  u se .
Environment .  Reduced  f resh  wate r  f lows 
i n  Te x a s  r i v e r s  a n d  s t r e a m s  w i l l  r e s u l t 
i n  dec r ea sed  wa t e r  qua l i t y,  r educed  b io -
d ive r s i t y,  l o s s  o f  p roduc t i on  o f  s ea food , 
a n d  i n c r e a s e d  e n v i r o n m e n t a l  p r o b l e m s . 
Bes ide s  t he  impac t  on  t he  env i ronmen t , 
such  cond i t i ons  w i l l  r e su l t  i n  i nc r ea sed 
r egu l a to ry  compl i ance  i s sue s  and  po t en -
t i a l  l i t i ga t i on .
Food security .  Reduced water  supply  wi l l 
r e su l t  i n  r educed  food  p roduc t i on .
Comple te  l o s s  o f  acce s s  t o  water .  Some 
areas  may be  subjec t  to  ser ious  water  sup-
p ly  c r i s i s ,  in  pa r t i cu la r  fo r  lower  p r io r i ty 
w a t e r  u s e s .  G r o u n d w a t e r  u s a g e  i n  s o m e 
l o c a t i o n s  c o u l d  r e s u l t  i n  t e m p o r a r y  o r 
l ong - t e rm  lo s s  o f  a cce s s  t o  g roundwa te r.
M a ny  p a r t i c i p a nt s  d e s c r i b e d  co n s e q u e n c e s  s h o u l d  Texa n s  fa i l to  take  ac t ion  on  c r i t i ca l  water  prob lems  and  implement  new 
technolog ies .  They  descr ibed  barr iers  to  implementat ion ,  and  they 
e n v i s i o n e d  i m p r o v e m e n t s  s h o u l d  t h e  b a r r i e r s  b e  r e m o v e d  a n d 
cr i t i ca l  p rob lems  so lved .  Numerous  measures  o f  success  were  a l s o 
d e s c r i b e d .   S u c h  m e a s u re s ,  o r  m et r i c s ,  wo u l d  fo r m  t h e  b a s i s  fo r 
benchmark ing  progress  in  a  roadmap,  const i tut ing  i tems that  might 
be  found  on  a  roadmap’s  “dashboard .”
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B a r r i e r s  t o  S o l v i n g  C r i t i c a l 
Prob lems
P a r t i c i p a n t s  l i s t e d  a  n u m b e r  o f  b a r -
r i e r s .  T h e  f o l l o w i n g  a p p e a r e d  t o  b e  t h e 
m o s t  s i g n i f i c a n t .  A l l  a r e  c o n s t r a i n t s  o n 
b r i n g i n g  t e c h n o l o g y  t o  m a r k e t  a n d  i n t o 
use  in  Texas .  None  a re  l imi t a t ions  on  ad -
vancemen t s  i n  t e chno logy  i t s e l f .
R e g u l a t i o n s .  T h e  r e g u l a t o r y  f r a m e -
w o r k  i n  Te x a s  c r e a t e s  u n d u e  b u r d e n s 
and  s lows  progress  in  address ing  wate r 
p roblems ,  inc lud ing  appl ica t ion  of  new 
t echno logy.  The re  i s  a  l ack  o f  common 
s t anda rds  fo r  t e chno logy  deve lopmen t 
and  va l i da t i on .
Investment  - -  Investors  are  r isk-averse, 
l e ad ing  t o  i nadequa t e  f und ing ,  p r i nc i -
pa l l y  due  t o  t he  l eng th  o f  t ime  i t  t ake s 
t o  g e t  n e w  t e c h n o l o g i e s  t o  m a r k e t  i n 
the  wate r  indus t ry.  In f ras t ruc tu re  cos t s 
a r e  h igh  r e l a t i ve  t o  co s t  r e cove ry  t ime 
frames,  making many ventures relatively 
una t t r a c t i ve  t o  p r i va t e  i nves to r s .
Leadersh ip .  The re  i s  a  l a ck  o f  po l i t -
i c a l  l e a d e r s h i p / w i l l  t o  o v e r c o m e  t h e 
s t a t u s  q u o .   L e a d e r s  a r e  p r e s s u r e d  t o 
keep water  pr ices  low,  mainta in  a  water 
r igh t s  sys tem tha t  may  work  coun te r  to 
the  Texas  publ ic ’s  overa l l  bes t  in te res t , 
a n d  a c c e p t  w e a k  g r o u n d w a t e r  p r o t e c -
t i o n  i n  t h e  f a c e  o f  s e r i o u s  l o n g - t e r m 
c o n s e q u e n c e s .  I n  g e n e r a l ,  t h e  w a t e r 
i n d u s t r y  h a s  a  h i s t o r y  o f  b e i n g  r i s k 
ave r s e .  Regu l a to r s  a r e  s l ow  to  adap t . 
R e l u c t a n c e  o f  l e a d e r s  t o  t a k e  a g -
gress ive  ac t ion  p lagues  the  ent i re  water 
sector.  There are no leaders ful ly trusted 
t o  deve lop  and  manage  c ro s s - cu t t i ng , 
i n d u s t r y - w i d e  a p p r o a c h e s  t o  s o l v i n g 
w a t e r  p r o b l e m s  a n d  s u p p o r t i n g  t e c h -
n o l o g y  i n n o v a t i o n .  T h e  r e s u l t  i s  n o 
ho l i s t i c  app roach ,  no  s ign i f i can t  r egu -
l a to ry  r e l i e f ,  no  cohes ive  p l an ,  and  no 
s t a t ew ide  p l an  accep t ed  by  a l l .
Educat ion .  Consumers ,  the  publ ic ,  and 
pr inc ipa ls  o f  water  indus t ry  boards  and 
commis s ions  l a ck  an  unde r s t and ing  o f 
t h e  c o s t s  a n d  b e n e f i t s  o f  n e w  w a t e r 
t e c h n o l o g i e s  i n  s o l v i n g  Te x a s ’ w a t e r 
p r o b l e m s .  C o n s u m e r s ,  a n d  t h e  p u b l i c 
i n  g e n e r a l ,  u n d e r v a l u e  w a t e r .  T h e r e 
may  be  w idesp read  consumer  d i s t r u s t 
o f  new technology.  The  publ ic  does  no t 
y e t  u n d e r s t a n d  t h e  f u l l  e c o n o m i c  a n d 
quali ty-of- l i fe  consequences of  a  fai lure 
to address Texas’ water problems and the 
po ten t ia l  benef i t s  o f  new technolog ies . 
Th i s  r e su l t s  i n  a  f a i l u r e  o f  t he  pub l i c 
t o  i n s i s t  o n  a d e q u a t e  i n v e s t m e n t  a n d 
ac t i on  by  po l i t i c a l  l e ade r s  t o  add re s s 
bas ic  under ly ing const ra in ts  on  innova-
t i on  and  t o  i n s i s t  on  co r r ec t i ve  ac t i on .
Collaborat ion .  There  i s  a  lack  of  coop-
e r a t i on  and  i n fo rma t ion  sha r i ng  w i th -
i n  a n d  a m o n g  w a t e r  s e c t o r s .  I n d u s t r y 
sec tors  a re  f ragmented .  There  a re  many 
Mun ic ipa l  U t i l i t y  D i s t r i c t s ,  wa t e r  de -
l ive ry  i s  d i s jo in t ed ,  and  the re  i s  a  l ack 
o f  i n t e rope rab i l i t y.  Th i s  r educes  wa te r 
s ecu r i t y  and  cha l l enges  coope ra t i on .
Benefits of Solving Texas’ Water 
P r o b l e m s  a n d  I m p l e m e n t i n g 
New Techno log i e s
Wa t e r  s e c u r i t y .  Te x a s  w i l l  h a v e  a  s u s -
ta inab le  supp ly  o f  sa fe  wate r  fo r  a l l  uses , 
i n c l u d i n g  t o  s u p p o r t  f u t u r e  g r o w t h  i n 
popu l a t i on  and  t he  economy. 
Economy. Texas water supplies and delivery 
sys tems wi l l  suppor t  reasonable  economic 
g rowth ,  ma in ta in ing  o r  i nc reas ing  Texas ’ 
bus iness  compe t i t iveness  and  impor tance 
t o  t he  na t i ona l  e conomy. 
Publ i c  Hea l th .  A l l  Texans  w i l l  con t i nue 
t o  have  acce s s  t o  an  adequa t e  supp ly  o f 
safe  water.   Texas’ publ ic  waters  wi l l  have 
adequa t e  f l ows  o f  wa t e r  t ha t  mee t  c l e an 
wa t e r  s t anda rds .
S o c i a l - S o c i e t y .  Te x a s  w i l l  m a i n t a i n  o r 
e n h a n c e  q u a l i t y  o f  l i f e  f o r  r e s i d e n t s . 
Through  “smar t -use”  educa t ion  and  t ech-
n o l o g y - d r i v e n  c o n s e r v a t i o n  m e a s u r e s , 
water  wi l l  be  bet ter  a l located among users 
r e d u c i n g  p e r  c a p i t a  c o n s u m p t i o n .  R e s i -
den t s  i n  a l l  e conomic  b r acke t s  w i l l  have 
acces s  t o  adequa te  amoun t s  o f  s a fe  wa te r 
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a t  t r ue  marke t -d r i ven  p r i c i ng .  Educa t i on 
w i l l  enhance  pub l i c  unde r s t and ing  o f  t he 
va lue /pr ice  of  water  and  he lp  dr ive  publ ic 
i n v e s t m e n t  i n  w a t e r  i n f r a s t r u c t u r e ,  n e w 
t echno log i e s ,  and  suppo r t  f o r  r emova l  o f 
ba r r i e r s  t o  wa t e r  s ecu r i t y.
Environment .  Texas ’ pub l i c  wa t e r s  w i l l 
h a v e  a d e q u a t e  f l o w s  o f  w a t e r  t h a t  m e e t 
c l e a n  w a t e r  s t a n d a r d s ,  s u s t a i n  d i v e r s e 
aqua t i c  commun i t i e s ,  and  ma in t a in  p ro -
duc t i on  o f  s ea food .
Food  secur i ty .  Ag r i cu l t u r e  and  s ea food 
p roduc t i on  w i l l  be  ma in t a ined .
M e a s u re s  ( M e t r i c s )  f o r  B e n c h 
M a r k i n g  P ro g re s s  i n  M e e t i n g 
Goa l s
•  Amoun t  and  pe r cen t  o f  wa t e r  r eu se  by 
a r ea /Texas
•  In s t r eam wa te r  qua l i t y  da t a  f rom s t an -
da rd  su rvey  s t a t i ons
•  Amount  of  ra inwater  harves ted  by  area /
Texas
•  Amoun t  o f  p r i va t e  c ap i t a l  i nves t ed
•  Economic  ou tpu t  pe r  un i t  o f  wa t e r
•  P e r c e n t / w a t e r s h e d s  c o m p l i a n c e  w i t h 
wa t e r  qua l i t y  s t anda rds  by  a r ea /Texas
•  Number  o f  peop le  reached  and  changes 
i n  a t t i t ude  w i th  educa t i on
•  Pe r cep t i on ,  a s  measu red  by  s t anda rd -
i z e d  s u r v e y,  o f  s e c t o r s  o f  t h e  p u b l i c 
t ha t  Texas  ha s  hav ing  amp le  wa t e r  f o r 
peop l e  and  i ndus t ry
•  Chap te r  in  s t a t e  wa te r  p lan  on  t echno l -
ogy 
•  Pe r cen t  change  i n  consumer  conse rva -
t i on  r a t e s  by  a r ea /Texas
•  Pe r  c ap i t a  u se  o f  wa t e r  by  a r ea /Texas
•  U t i l i t y  c o n s e r v a t i o n  m e t r i c s  b y  a r e a /
Texas
•  Industr ia l  conservat ion metr ics  by area/
Texas
•  A g r i c u l t u r e  c o n s e r v a t i o n  m e t r i c s  b y 
a r ea /Texas
•  Cus tomer  s a t i s f ac t i on  r a t e s  by  u t i l i t y
•  Wa te r  supp ly  ava i l ab i l i t y  s t a t i s t i c s
Cl os ing  P lenar y  Sess ion
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In format ion  F low
Severa l  overa rch ing  themes  in  the  a rea 
of  informat ion  f low were  d iscussed  dur ing 
b reakou t  sess ions  tha t  cu t  ac ross  a l l  t op ic 
a r ea s  and  suppor t  a  consensus  i n  need  fo r 
t ak ing  spec i f i c  a c t i ons .
The breadth  of  mul t id isc ip l inary  s take-
holders  associa ted with  water  technologies 
i s  w i d e ,  r e p r e s e n t i n g  n u m e r o u s  a n d  d i f -
f e r en t  d i s c ip l i ne s ,  i n s t i t u t i ons ,  and  even 
na t i ons .  These  r ange  f rom gove rnmen ta l 
ins t i tu t ions  and  agencies  ( loca l ,  s ta te ,  and 
f ede ra l ) ,  t h rough  p r iva t e  sec to r  o rgan iza -
t ions  ( inc lud ing  corpora t ions ,  bus inesses , 
and  non-gove rnmen ta l  o rgan iza t ions )  and 
academic inst i tut ions  ( research,  educat ion, 
and  s e rv i ce ) ,  t o  commun i t i e s .  Cu r r en t l y, 
t h e r e  a r e  n o  f o r m a l  a n d  e x p l i c i t  m e c h a -
n i sms  t o  e a s i l y  i den t i f y  t hem,  b r i ng  t hem 
together,  and keep them together,  to achieve 
common  goa l s  o f  i n t e r e s t  and  bene f i t  t o 
a l l  i n  t he  wa t e r  s ec to r s . 
One  po t en t i a l  r e sponse  t o  t h i s  vo id  i s 
t he  c r ea t i on  o f  a  be t t e r  means  t o  co l l ab -
o r a t e ,  c o m m u n i c a t e ,  s h a r e  i n f o r m a t i o n , 
and  o therwise  ne twork  for  mutua l  benef i t . 
O n e  t e r m  c o m m o n l y  u s e d  t o  d e s c r i b e  a 
mechan i sm  to  do  t h i s  i s  “ co l l abo ra to ry. ” 
I n  ou r  c a se  t h i s  cou ld  be  ca l l ed  a  Texas 
Wa te r  Techno logy  Co l l abo ra to ry.
There is  a  s ignif icant  amount of  data,  of 
in format ion ,  o f  knowledge ,  o f  exper ience , 
o f  be s t  p r ac t i c e s ,  and  o f  l e s sons  l e a rned 
regarding water technologies.  But currently, 
t he r e  a r e  no  work ing  fo rma l  and  t r u s t ed 
m e c h a n i s m s  t o  e a s i l y  i d e n t i f y,  c o l l e c t , 
generate ,  document ,  organize ,  archive,  and 
ma in t a in  t h i s  a ccumula t i on  o f  knowledge 
and  expe r i ence ,  p rov id ing  acce s s  t o  any 
s t akeho lde r  who  can  bene f i t . 
One  po t en t i a l  r e sponse  t o  t h i s  vo id  i s 
t he  c r ea t i on  o f  a  v i r t ua l  ne twork ,  o r  cy -
ber in f ras t ruc tu re  fo r  in fo rmat ion  sha r ing . 
T h i s  c o u l d  b e  c a l l e d  Wa t e r  Te c h n o l o g y 
Cybe r in f r a s t ruc tu r e .
Trus t ed  acce s s  t o  a  comp le t e  con t i nu -
um o f  wa t e r  t e chno logy  da t a  emerged  a s 
a  ve ry  spec i f i c  t h ru s t  i n  b r eakou t  d i s cus -
s i ons  t ha t  me r i t s  spec i a l  a t t en t i on  i n  nu -
merous  a reas ,  inc lud ing  bu t  no t  l imi ted  to 
t he  fo l l owing :  ( 1 )  da t a ,  commun ica t i ons , 
sha r i ng ,  app l i c a t i ons ,  be s t  p r ac t i c e s ,  and 
u se  o f  da t a  f o r  p l ann ing ,  execu t i on ,  and 
evidence-based  dec is ion-making;  (2)  def i -
n i t i o n  o f  d a t a  t y p e s  a n d  a t t r i b u t e s ,  a n d 
t h e  m u l t i p l e  p r o c e s s e s  a n d  m e c h a n i s m s 
for  da ta  co l lec t ion ,  and ;  (3 )  p rocesses  and 
mechan i sms  fo r  da t a  ana ly s i s ,  v i sua l i z a -
t i on ,  mode l ing ,  and  s imu la t ion  in  suppor t 
o f  spec i f i c  de s i r ed  ou t comes .
Better access and sharing of information 
w i l l  f a c i l i t a t e  f o rma l  and  exp l i c i t  a c t i on 
P ar t i c ipants  reconvened  in  p lenar y  sess i on  fo l lowing  comp l et i o n of  breakout  group d iscuss ions .   F i rst  they  heard  summaries  of  re -
su l t s  o f  the  breakout  group  d i scuss ions  ( these  resu l t s  were  covered 
in  th is  report  in  preceding  pages) .   Next  they heard Forum fac i l i tator 
Dr.  Jorge  Vanegas  focus  for  a  moment  st r i c t l y  on  in format ion  f l ow, 
a s  h e  d e s c r i b e d  s eve ra l  ove ra rc h i n g  i n fo r m at i o n - o r i e nte d  t h e m e s 
that  cut  across  breakout  sess i ons .   Immedi ate l y  before  c l os i n g  D r. 
Vanegas  asked  severa l  quest ions  o f  the  ent i re  g roup  i n  ant i c i p at i o n 
o f  fu ture  courses  o f  ac t i on .
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wi th in  wa t e r  s ec to r s  t o  r educe  t he  t ime -
t o - m a r k e t  a n d  a c c e l e r a t e  t h e  r e s e a r c h , 
development ,  demonst ra t ion ,  deployment , 
d i s s e m i n a t i o n ,  a n d  e v a l u a t i o n  o f  w a t e r 
t e c h n o l o g i e s ,  p r o d u c t s ,  p r o c e s s e s ,  s e r -
v ices ,  and  bus iness  models ,  toge ther  wi th 
e n a b l e r s  ( s u c h  a s  a c c e s s  t o  f i n a n c i n g ) , 
obs t ac l e  r emove r s ,  and  ba r r i e r  b r eake r s 
( s u c h  a s  e l i m i n a t i n g  o b s o l e t e  l a w s  a n d 
r egu l a t i ons ,  and  bu reauc ra t i c  mazes ) . 
Moving  Forward
Four  s t ra tegic  ac t ions  to  move forward 
i n  t he  immed ia t e  a f t e rma th  o f  t he  fo rum 
w e r e  p r e s e n t e d  a t  t h e  c l o s i n g  p l e n a r y. 
These  ac t ions  mus t  be  cons idered  p re l im-
inary  and  no t  comprehens ive ,  because  the 
r e su l t s  o f  d i scuss ion  dur ing  b reakou t  had 
ye t  t o  be  fu l l y  a s s emb led . 
Nonetheless, each action received general 
consensus  suppo r t  f r om the  pa r t i c i pan t s . 
A c h i e v i n g  s u c h  g e n e r a l  o b j e c t i v e s  a n d 
m a n y  o t h e r s  w i l l  b e  c r i t i c a l  t o  s o l v i n g 
w a t e r  p r o b l e m s  a n d  m o v i n g  n e w  w a t e r 
t e c h n o l o g y  f r o m  l a b o r a t o r y,  t o  m a r k e t , 
t o  app l i c a t i on .
Cyber in fras t ruc ture ;  co l l abora tory . 
T h e r e  i s  a  n e e d  t o  p l a n ,  d e v e l o p ,  e s -
t ab l i sh ,  make  ava i l ab l e ,  and  ma in t a in 
a  f o r m a l  a n d  t r u s t e d  v i r t u a l  n e t w o r k , 
c y b e r i n f r a s t r u c t u r e ,  c o l l a b o r a t o r y,  o r 
o ther  means  to  col labora te ,  share  infor-
ma t ion ,  and  ne twork .  Ove r s igh t  needs 
to  be  provided  by  an  objec t ive ,  neut ra l , 
r e spec t ed ,  and  r e l i ab l e  en t i t y  t ha t  r ep -
resen t s  and  p ro tec t s  the  in te res t s  o f  a l l 
s t a k e h o l d e r s ,  i n c l u d i n g  g o v e r n m e n t a l 
ins t i tu t ions  and agencies ,  pr ivate  sector 
o rg a n i z a t i o n s ,  a c a d e m i c  i n s t i t u t i o n s , 
and  commun i t i e s .
Water t echno logy  demonstrat ion  and 
pi lot  project  tes t  beds .  There  i s  a  need 
t o  f i nance ,  p l an ,  deve lop ,  and  execu t e 
w a t e r  t e c h n o l o g y  d e m o n s t r a t i o n  a n d 
p i lo t  p ro jec t s .  These  p ro jec t s  wi l l  p ro -
v ide  a  so l i d  f ounda t i on  fo r  l ong - t e rm 
in i t i a t i ve s ,  p rog rams ,  p ro j ec t s ,  a c t i v i -
t i e s ,  and  even t s  a s soc i a t ed  w i th  wa t e r 
t e chno logy  i n  t he  S t a t e  o f  Texas .
Wa t e r  t e c h n o l o g y  a s s e t  i n v e n t o r y . 
The re  i s  a  need  t o  p l an ,  deve lop ,  exe -
cu t e ,  and  ma in t a in  a  f o rma l ,  exp l i c i t , 
cohes ive ,  and  in tegra ted  water  technol-
ogy  a s se t  i nven to ry.  Th i s  i n fo rma t ion 
source – inventory --  would identify and 
d o c u m e n t  t h e  t a l e n t ,  a b i l i t i e s ,  s k i l l s , 
and  p ro f i c i enc i e s  embedded  w i th in  a l l 
s t a k e h o l d e r s  i n  t h e  d e v e l o p m e n t  o f 
wa t e r  t e chno logy  i n  Texas .
Mapping of  water technologies .  There 
i s  a  n e e d  t o  p l a n ,  d e v e l o p ,  e s t a b l i s h , 
publish,  and maintain a  formal,  explici t , 
cohes ive ,  and  in tegra ted  graphic  repre-
sentation of water technologies in Texas. 
The  e l emen t s  o f  th i s  r ep resen ta t ion ,  o r 
technology map,  should  capture  and  re-
f l e c t  bo th  p roce s se s  and  p roduc t s ,  and 
also,  regulatory,  engineering,  economic, 
and  o the r  pe r spec t i ve s .
Conc lus ions
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A D y s f u n c t i o n a l  S y s t e m  f o r 
Innovat ion
The water  arena lacks  a  funct ional  sys-
tem suppor t ing  innovat ion .  The  fo l lowing 
character is t ics  contr ibute  to  the  s i tua t ion .
Inves to r s  do  no t  we l l  unde r s t and  and 
are  uncomfor table  wi th  the  current  market 
environment ,  including inadequate  and in-
accura te  va lu ing of  water  as  a  commodi ty, 
which they see as offering greater r isk than 
m a n y  w i s h  t o  t a k e  o n .  T h i s  h a s  c r e a t e d 
a  s i gn i f i c an t  l a ck  o f  f und ing  t o  suppo r t 
innova t ion .  Some o f  the  r i sk  i s  caused  by 
t he  l eng th  o f  t ime  i t  t ake s  t o  b r i ng  a  new 
t echno logy  t o  ma rke t .  Th i s  i s  i n  pa r t  due 
t o  t he  h igh  deg ree  o f  r egu l a t i on ,  no t  j u s t 
over  publ ic  safe ty  concerns  wi th  apply ing 
new  t echno logy,  bu t  a l so  ac ro s s  a cqu i s i -
t ion  and  supply  cha in  management .  There 
i s  a  l a ck  o f  we l l - de f i ned  p roduc t  cyc l e s 
o r  pa thways  t o  ma rke t  f o r  i nnova to r s  t o 
understand and fol low. There is  a lso a  lack 
o f  a  marke t -d r iven  p r i c ing  s t ruc tu re  p ro -
v id ing  fo r  an t i c i pa t i on  o f  adequa t e  r a t e s 
o f  r e t u rn  t o  suppo r t  dep loymen t  o f  e f f i -
c ien t  t echnolog ies  (ac ross  the  board  f rom 
r e sou rce  deve lopmen t  t o  da t a  ana ly s i s ) . 
Combine a l l  the  above with  the  conser-
vative nature of  those needed to implement 
t e c h n o l o g y  s o l u t i o n s .  T h e n  a d d - i n  t h e 
gene ra l  f ee l ing  tha t  t he re  i s  cons ide rab le 
f r agmen ta t ion  in  the  indus t ry,  and  i t ’s  no 
wonder  many  be l ieve  the  env i ronment  fo r 
i nves tmen t  i n  wa t e r  t e chno logy  i n  Texas 
i s  dys func t i ona l .
T h e  f o l l o w i n g  l i s t s  a  c o m p i l a t i o n  o f 
t he  mos t  un i fo rmly  accep ted  so lu t ions  o r 
a c t i ons  p r e sen t ed  by  pa r t i c i pan t s :
P articipants in each breakout session, regardless of topic,  described a lmost  ident i ca l  c r i t i ca l  prob lems  and  pr ior i ty  so lut ions .   There 
wa s  a  s i m i l a r  co n s e n s u s  a m o n g  p a r t i c i p a nt s  o n  co n s e q u e n c e s  o f 
fa i l u re  to  ac t ,  bar r i e rs  to  ac t ion ,  and  benef i t s  i f  ac t ion  was  ta ke n . 
Whi le  the  Texas  water  sectors  may  be  f ragmented ,  there  s e e m s 
t o  b e  n o  l a c k  o f  g e n e ra l  a g r e e m e n t  o n  w h a t  i s  m o s t  i m p o r t a n t 
to  f i x  a n d  w h at  n e e d s  to  b e  d o n e  to  f i x  i t .   N ew  te c h n o l o g y  w i l l 
h ave  a  ro l e  i n  Texa s ’  wate r  f u t u re ,  b u t  m a ny  o f  t h e  m o st  c r i t i ca l 
const ra ints  on  br i ng ing  new techno logy  into  p lay  have  l i t t l e  to  d o 
w i t h  q u e st i o n s  o f  te c h n o l o g y,  s c i e n c e ,  e n g i n e e r i n g ,  o r  p l a n n i n g . 
What  par t i c ipants  at  the  forum descr ibed  needs  to  be  focu s e d  o n 
regu l ator y  and  f inanc ia l  const ra i nts  gett ing  techno l ogy  to  m a r ket , 
dea l ing  w i th  inadequate  pub l i c  investment  due  to  under va l u at i o n 
o f  wate r,  co o rd i n at i o n  a n d  i n fo r m at i o n  s h a r i n g ,  va l i d at i o n / d e m o 
of  techno log i es ,  and  upgrad ing  an  ag i ng  in f rast ructure .
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A cces s  t o  cap i ta l .  P o t en t i a l  i nves tmen t 
i n  n e w  w a t e r  t e c h n o l o g i e s  i s  h i n d e r e d 
b y  v a r i o u s  f a c t o r s  t h a t  i n h i b i t  b r i n g i n g 
wa te r  t echno logy  to  marke t  qu ick ly.  Th i s 
l e a d s  t o  u n c e r t a i n t y  a n d  a d d e d  r i s k s  i n 
t h e  m a r k e t  a n d  t o  i n v e s t o r s .  A c t i o n s  t o 
develop  indus t ry  s tandards  and  acce lera te 
r e s e a r c h ,  d e v e l o p m e n t ,  d e m o n s t r a t i o n , 
and  dep loymen t  o f  new  t echno logy  w i l l 
he lp  ga in  acce s s  t o  c ap i t a l  and  i nc r ea se 
i nves tmen t .
Regula tory  re l i e f .  Regu la to r s  need  to  be 
be t t e r  educa ted  and  be t t e r  unders t and  the 
r e a l i t y  o f  c o m p l i a n c e  i n  t h e  c o n t e x t  o f 
day- to-day opera t ions  wi th in  the  indust ry. 
R e g u l a t i o n s  s h o u l d  a l l o w  f o r  t e s t i n g  o f 
new  t echno log i e s  w i thou t  undue  bu rdens 
and  provide  for  common sense  re l ie f  f rom 
l i ab i l i t y  and  pena l t i e s .  Wi thou t  such  r e -
l i e f ,  d e m o n s t r a t i o n  a n d  i m p l e m e n t a t i o n 
o f  m a n y  n e w  t e c h n o l o g i e s  o f  b e n e f i t  t o 
improv ing  wate r  ava i l ab i l i ty  and  use  wi l l 
be  s t ymied .
I m p ro v e  e d u c a t i o n .  T h e r e  i s  a  c r i t i c a l 
need  fo r  enh an ced  pu b l i c  an d  con s umer 
educa t ion  abou t  wa te r  s ca rc i ty,  va lues  o f 
wa te r,  and  consequences  o f  wa te r  use  and 
r e l i a b i l i t y,  i n c l u d i n g  i n f o r m a t i o n  a b o u t 
t h e  a g e  a n d  c o n d i t i o n  o f  c u r r e n t  w a t e r 
infras t ructure .  The publ ic  should be bet ter 
educated  about  the  in terdependence  of  the 
va r i ous  wa t e r  s ec to r s  and  wha t  t he  wa t e r 
s ec to r  means  t o  t he  economy  and  way  o f 
l i f e  in  Texas .   Wate r  smar t  educa t ion  p ro-
grams l inked to  rea l - t ime consumer  use  of 
wa te r  may  be  an  e ff ec t ive  way  to  educa te 
the public and increase water conservation. 
Pub l i c  educa t ion  shou ld  a l so  cove r  va lue 
of  water  and the  potent ia l  cos t -benef i t s  of 
new  t echno log i e s .  I n  add i t i on  t o  he lp ing 
improve  imp lemen ta t i on  o f  conse rva t i on 
measures ,  such  educa t ion  shou ld  enhance 
u n d e r s t a n d i n g  o f  t h e  b e n e f i t s  o f  p u b l i c 
investment in development and applicat ion 
o f  new  wa te r  t e chno log i e s .
Acce lerate  the  cyc le  o f  research ,  deve l -
opment,  demonstrat ion,  and deployment 
br ing ing  new techno logy  to  market  and 
u s e .  N u m e r o u s  p r i o r i t y  s o l u t i o n s  w e r e 
descr ibed by par t ic ipants .  Most  prominent 
were  acce lera t ing  independent  th i rd-par ty 
tes t ing,  p i lo t  projects ,  and demonstra t ions 
n e e d e d  t o  v a l i d a t e  t e c h n o l o g y.  A m o n g 
means  t o  a cce l e r a t e  such  ac t i v i t i e s ,  pa r-
t i c i p a n t s  s u g g e s t e d  d e v e l o p i n g  s e t s  o f 
industry-specif ic  s tandards,  accepting best 
p r a c t i c e s  f r o m  e l s e w h e r e ,  a n d  r e d u c i n g 
r e g u l a t o r y  b u r d e n s  a n d  d e l a y s .  F a s t e r 
a d o p t i o n  o f  n e w  t e c h n o l o g i e s  i n  l a r g e 
s ca l e  w i l l  enhance  acce s s  t o  c ap i t a l  and 
i nc rea se  i nves tmen t .  Time  fo r  r egu l a to ry 
r ev i ew  may  be  r educed  by  f ewer  peop l e 
mak ing  dec i s i ons ,  c r ea t i ng  e f f i c i enc i e s , 
and  r educ ing  cos t s .
Enhance  access  to  data ,  and  the  qual i ty 
and  quant i ty  o f  data  co l l ec ted .  Through 
a  t r u s t ed  coope ra t i ve  i n s t i t u t e ,  c l e a r i ng 
h o u s e ,  o r  v i r t u a l  n e t w o r k  ( e . g . ,  “ I n t e r -
ne t ”  f o r  wa t e r )  p rov ide  fo r  a cce s s  t o  and 
c o n n e c t i v i t y  w i t h  e x i s t i n g  d a t a  h o u s e d 
a t  t he  va r i ous  wa t e r  i n s t i t u t e s ,  agenc i e s , 
a n d  e n t i t i e s  i n  t h e  Te x a s  w a t e r  s e c t o r. 
U n i v e r s i t i e s  w e r e  d e s c r i b e d  a s  p e r h a p s 
b e s t  a b l e  t o  s u p p o r t  s u c h  a  s e r v i c e .  I n 
add i t i on ,  t he r e  i s  a  need  t o  i nc r ea se  t he 
a m o u n t  o f  d a t a  c o l l e c t e d ,  e s p e c i a l l y  a t 
t h e  w a t e r  u t i l i t y  l e v e l .  Av a i l a b l e  d a t a 
should  inc lude  research  resu l t s ,  ava i lab le 
t e chno log i e s  and  IP,  and  p i l o t  s t udy  and 
demons t r a t i on  r e su l t s .   To  f ac i l i t a t e  u se 
o f  i n fo rma t ion ,  da t a  shou ld  be  p rov ided 
i n  a  cons i s t en t l y  s t r uc tu r ed  and  compre -
h e n s i v e  f o r m a t .   E x t e n d i n g  u s e  o f  d a t a 
s t i l l  f u r the r,  b ig  da t a  ana ly t i c s  shou ld  be 
employed ,  wi th  focus  on  rea l - t ime  opera -
t ions ,  demand model ing ,  and  ava i lab i l i ty.
Opt imize  water use .  Con t inued  deve lop-
men t  and  imp lemen ta t i on  o f  wa t e r  smar t 
t echnologies  and  educa t ion  programs wi l l 
he lp  r educe  wa t e r  consumpt ion  and  u se . 
Increased  water  reuse ,  such  as  use  of  gray 
wa te r  and  r a inwa te r  ha rves t ing  shou ld  be 
expanded  and  suppor ted  th rough  br ing ing 
new  t echno log i e s  t o  ma rke t .  I n  add i t i on , 
n e w  m a r k e t s  f o r  w a t e r  r e s i d u a l s  s h o u l d 
b e  c r e a t e d ,  s u c h  a s  b e n e f i c i a l  u s e s  o f 
s a l i ne  wa t e r s  and  b r i ne ,  g r ay  wa t e r,  and 
byp roduc t s  f r om wa te r  p roce s s ing .
I f  we  ac t  now,  Texans  can  have  a 
s u s t a i n a b l e  s u p p l y  o f  s a f e  w a t e r 
f o r  a l l  u se s ,  inc lud ing  t o  suppor t 
f u t u r e  g r o w t h  i n  p o p u l a t i o n  a n d 
the  economy. 
T e x a s  W a t e r  T e c h  R o a d m a p  F o r u m
30
A Race  Aga ins t  Time
A consensus emerged that  Texas is  rap-
id ly  approach ing  a  wate r  c r i s i s  re f lec t ing 
i s sue s  o f  supp ly,  u se  and  qua l i t y  wh ich 
demands immediate  in i t ia t ion of  effor ts  to 
i n su re  su s t a inab l e  and  equ i t ab l e  a cce s s . 
Pa r t i c i pan t s  f e l t  t h a t  a c t i on  now can 
ave r t  wor sen ing  o f  Texas ’ wa t e r  c r i s i s .  
Next  S teps
F o u r  s t r a t e g i c  a c t i o n s  t o  s u p p o r t 
t e c h n o l o g y  d e v e l o p m e n t  e m e rg e d  f r o m 
the  fo rum.  
T h e s e  w e r e  d e v e l o p m e n t  o f  t h e  f o l -
l owing :
•  a  c y b e r i n f r a s t r u c t u re  o r  c o l l a b o -
ra tory  for  in format ion ,
•  w a t e r  t e c h n o l o g y  d e m o n s t r a t i o n 
and  p i l o t  pro jec t  t e s t  beds ,
•  a  water  t echno logy  a s se t  invento -
ry,  and 
•  mapp ing  o f  water  t echno log i e s .
There were other  urgent  act ions needed 
i n  p o l i c y  a n d  m a r k e t  d e v e l o p m e n t  t h a t , 
while crit ically important,  were outside the 
t echno logy  enve lope  tha t  was  the  sub jec t 
of  the  forum.  These  inc luded  water  sec tor 
f r agmen ta t ion ,  unde r-va lua t ion  o f  wa te r, 
wa t e r  r i gh t s ,  and  cons t r a in t s  on  i nves t -
men t ,  such  a s  r egu l a to ry  p roce s s  de l ay.
Many  pa r t i c i pan t s  ag r eed  t o  work  t o -
ge the r  t o  t ake  spec i f i c  a c t i ons .  Ac t i ons , 
a c t i v i t i e s  and  oppo r tun i t i e s  f o r  co l l abo -
r a t i on  w i l l  be  l i s t ed ,  t r a cked  and  r e su l t s 
r epo r t ed  on  t he  fo rum webs i t e  a t  h t t p : / /
t exa swa te r t e ch .o rg / 
C o n s e q u e n c e s  o f  F a i l u re  t o 
Ac t
W h i l e  p a r t i c i p a n t s  l i s t e d  a  n u m b e r 
o f  ba r r i e r s  t o  so lv ing  c r i t i c a l  p rob l ems , 
t h e  c o n s e q u e n c e s  o f  f a i l i n g  t o  a c t  n o w 
a r e  o n e r o u s .  P a r t i c i p a n t s  s a i d  t h e  m o s t 
d a m a g i n g  c o n s t r a i n t s  o n  b r i n g i n g  t e c h -
n o l o g y  t o  m a r k e t  a n d  i n t o  u s e  i n  Te x a s 
we re  t he  r egu l a to ry  f r amework  i n  Texas 
t ha t  c r ea t e s  undue  bu rdens  and  a  l a ck  o f 
i nves tmen t ,  po l i t i c a l  l e ade r sh ip ,  educa -
t i on ,  and  co l l abo ra t i on . 
Pa r t i c i pan t s  p r ed i c t ed  d i r e  e conomic 
impac t s  t o  Texans  i f  no  ac t i on  i s  t aken . 
These  i nc luded  inc reas ing  cos t s  o f  wa te r 
a f f ec t i ng  t he  en t i r e  economy,  a  comple t e 
lo s s  o f  f r e sh  wa te r  i n  some  a reas ,  a ff ec t s 
on  pub l i c  hea l t h ,  c i v i l  un r e s t  c aused  by 
d i spa r i t i e s  i n  a cce s s  t o  and  cos t  o f  wa -
t e r,  adve r se  env i ronmen ta l  impac t s ,  and 
r educ t i on  o f  f ood  p roduc t i on . 
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The Forum Agenda & Charrette Activities
UTSA Downtown – Southwest Room, Durango Bldg. 
8:00 a.m. – 4:00 p.m. •   February 25, 2015 
Registration and Breakfast
8: 00 a.m. – 8:45 a.m.
Session 1: “Establishing the Point of Departure for the Forum & Charrette 
Process”
9:00 a.m. – 9:30 a.m. 
Welcome and Introduction to Forum objectives and logistics 
o Welcome by sponsors
o Description, Examples and Historical Impact of Technology Roadmaps
o Presentation of the charrette process, scope, and "Rules of Engagement"
o Facilitated plenary discussion on, and formal documentation of, roles, drivers, and expectations
of the forum participants 
[Input Sheet No. 1]
Move to Breakout Rooms; 9:30 a.m. – 9:45 a.m.
Assembly Rooms, Buena Vista Building 
− Session 2: “Breakout Group Discussions Round 1”
9:45 a.m. – 11:15 a.m.
Facilitated Breakout Group Discussions. Participants select their first choice of discussion topics.
[Input Sheet No. 2]
o Breakout Group No. 1: Sources of Water
This breakout group will focus on a discussion of water technologies from a source point of 
view, including, but not limited to: gray water, brackish/salt water, membrane technologies and 
materials, energy conservation, energy production...
o Breakout Group No. 2: Transportation/Delivery of Water
This breakout group will focus on a discussion of water technologies from a transportation and 
delivery point of view, including, but not limited to: monitoring, decision tools, GIS tools, 
systems...
o Breakout Group No. 3: Use of Water (Agriculture, Industrial, or Other)
This breakout group will focus on a discussion of water technologies from a use point of view, 
including, but not limited to: resource management, sensors and tools, GIS tools, remote 
sensing...
o Breakout Group No. 4: Enabling Technologies
This breakout group will focus on a discussion of water technologies from a use point of view, 
including, but not limited to: materials, sensors/devices, energy source and management, 
communications, analytical and decision tools, behavior modification...
− [Note: Depending on the number of forum participants and their interest in specific topics, 
additional breakout groups may be formed, as needed]
Coffee Break & Networking; 11:15 a.m. – 11:30 a.m.
1
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− Session 3: “Breakout Group Discussions Round 2”
11:30 a.m. – 1:00 p.m.
Facilitated Breakout Group Discussions. Participants select their second choice of discussion 
topics.
[Input Sheet No. 3]
o Breakout Group No. 1: Sources of Water
This breakout group will focus on a discussion of water technologies from a source point of 
view...
o Breakout Group No. 2: Transportation/Delivery of Water
This breakout group will focus on a discussion of water technologies from a transportation and 
delivery points of view...
o Breakout Group No. 3: Use of Water (Agriculture, Industrial, or Other)
This breakout group will focus on a discussion of water technologies from a use point of view...
o Breakout Group No. 4: Enabling Technologies
This breakout group will focus on a discussion of water technologies from a use point of view...
− [Note: Depending on the number of forum participants and their interest in specific topics, 
additional brealout groups may be formed, as needed.
Box Lunch Break & Networking; 1:00 p.m. – 1:30 p.m. 
Return from Breakout Rooms; 1:30 p.m. – 1:45 p.m. 
− Session 4A: "Plenary Presentations on Breakout Group Discussions Round 1"
1:45 p.m. – 2:30 p.m. 
Each Breakout Group will present the highlights of their discussions in Round 1 to all participants in 
the forum [7 minutes + 3 minutes Q&A each, strictly timed; length will be adjusted if there are more 
than four breakout groups]
− Session 4B: "Plenary Presentations on Breakout Group Discussions Round 2"
2:30 p.m. – 3:15 p.m. 
Each Breakout Group will present the highlights of their discussions in Round 2 to all participants in 
the forum [7 minutes + 3 minutes Q&A each, strictly timed; length will be adjusted if there are more 
than four breakout groups]
Coffee Break & Networking; 3:15 p.m. – 3:30 p.m. (
− Session 5: “The Path Ahead”
3:30 p.m. – 4:00 p.m.
Facilitated plenary discussion on, and formal documentation of, a preliminary consensus among 
forum participants on the content of the presentations done in Session 4A and 4B.
[Input Sheet No. 4]
Adjourn for the Day at 4:00 p.m.




Append ix  IV  — Input  Sheets
Texas Water Technology Roadmap Forum
Input Sheets 
Please take time before the Forum to answer the 
following questions and complete the input sheets




The following input sheets are for you to organize your thoughts prior to 
the forum.  Each set of sheets corresponds to a charrette session listed 
on the agenda.  Completing these input sheets ahead of time will allow 
you to participate most fully in the charrette.  This input provides the basis 
of our discussions during the charrette and the successful completion of 
each session. 
At the end of the forum we will collect the sheets to ensure your ideas 
are incorporated into the final forum product. 
Name
Organization
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CHARRETTE INPUT SHEET NO. 1:
Documenting Hats, Drivers, Expectations, and Initial Baselines
What “Hats” are you wearing today?
Please list all the different “hats” that you are wearing today for this forum. In other words, what roles
will you play, what perspectives will you have, and/or what points of view will you represent, toward 
the topics that will be addressed at this forum? 
What “Drivers” brought you here today?
Please list all the different “drivers” that brought you here today for this forum. In other words, what 
prompted or motivated you to attend this forum? 
What “Expectations” do you have for this forum? 
Please list all the different expectations you have for this forum. In other words, what specific 




Please take a moment to tell us what do you like most about the potential development of a Texas 
Water Technologies Roadmap. What do you like about it from your individual personal point of view? 
What do you like about it from your professional point of view? What do you like about it from the point 
of view of the organization you represent?
 
 “Genie Wishes” (Aspirations)
If you had a “Genie in a Bottle,” what wishes at broad or specific levels would you make, if you
could, to ensure the full development of a Texas Water Technologies Roadmap? What would you 
wish from your individual personal point of view? What would you wish from your professional point of 
view? What would you wish from the point of view of the organization you represent?
 
 “Magic Wand” (Changes)
If you had “Harry Potter’s Magic Wand,” what changes at broad or specific levels would you 
make, if you could, to ensure the full development of a Texas Water Technologies Roadmap? What 
would you change from your professional point of view? What would you wish from the point of view of 
the organization you represent?
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CHARRETTE INPUT SHEET NO. 2: 
Input Sheet for Breakout Group Discussions Round 1 
Breakout Group Discussion Topic (Please check one)
☐ Sources of Water ☐ Transportation/Delivery of Water
☐ Use of Water (Agriculture, Industrial, and Other) ☐ Enabling Technologies
EXISTING TECHNOLOGIES
Please list as many ideas, suggestions, and recommendations as you can for the types of existing 
technologies related to this Breakout Group Discussion Topic that should be included within the 
development of a potential Texas Water Technologies Roadmap (TWTR). 
EMERGING TECHNOLOGIES  
Please list as many ideas, suggestions, and recommendations as you can for the types of emerging 
technologies related to this Breakout Group Discussion Topic that should be included within the 
development of a potential TWTR. 
BREAKTHROUGH, REVOLUTIONARY, AND DISRUPTIVE TECHNOLOGIES
Please list as many ideas, suggestions, and recommendations as you can for the types of 
breakthrough, revolutionary, and disruptive technologies related to this Breakout Group 
Discussion Topic that should be included within the development of a potential TWTR. 
39
QUESTIONS that a possible Texas Water Technologies Roadmap (TWTR) might
ANSWER
Please list as many ideas, suggestions, and recommendations as you can for the types of questions
that you would like to see addressed by the roadmap. 
 
PROBLEMS that a possible TWTR might attempt to SOLVE
Please list as many ideas, suggestions, and recommendations as you can for the types of problems
that you would like to see addressed by the roadmap. 
 
 
NEEDS that a possible TWTR might attempt to SATISFY
Please list as many ideas, suggestions, and recommendations as you can for the types of needs that 
you would like to see addressed by the roadmap. 
T e x a s  W a t e r  T e c h  R o a d m a p  F o r u m
40
A  R a c e  A g a i n s t  T i m e
OPPORTUNITIES that a possible TWTR might attempt to REALIZE? 
Please list as many ideas, suggestions, and recommendations as you can for the types of 
opportunities that you would like to see addressed by the roadmap. 
ASPIRATIONS that a possible TWTR might attempt to FULFILL? 
Please list as many ideas, suggestions, and recommendations as you can for the types of aspirations




Please list as many ideas, suggestions, and recommendations as you can for any other issues that 
you would like to see addressed by the roadmap. 
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CHARRETTE INPUT SHEET NO. 3: 
Input Sheet for Breakout Group Discussions Round 2 
Breakout Group Discussion Topic (Please check one)
☐ Sources of Water ☐ Transportation/Delivery of Water
☐ Use of Water (Agriculture, Industrial, and Other) ☐ Enabling Technologies
EXISTING TECHNOLOGIES
Please list as many ideas, suggestions, and recommendations as you can for the types of existing 
technologies related to this Breakout Group Discussion Topic that should be included within the 
development of a potential Texas Water Technologies Roadmap (TWTR). 
EMERGING TECHNOLOGIES  
Please list as many ideas, suggestions, and recommendations as you can for the types of emerging 
technologies related to this Breakout Group Discussion Topic that should be included within the 
development of a potential TWTR. 
BREAKTHROUGH, REVOLUTIONARY, AND DISRUPTIVE TECHNOLOGIES
Please list as many ideas, suggestions, and recommendations as you can for the types of 
breakthrough, revolutionary, and disruptive technologies related to this Breakout Group 
Discussion Topic that should be included within the development of a potential TWTR. 
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QUESTIONS that a possible Texas Water Technologies Roadmap (TWTR) might
ANSWER
Please list as many ideas, suggestions, and recommendations as you can for the types of questions









PROBLEMS that a possible TWTR might attempt to SOLVE
Please list as many ideas, suggestions, and recommendations as you can for the types of problems
that you would like to see addressed by the roadmap. 
NEEDS that a possible TWTR might attempt to SATISFY
Please list as many ideas, suggestions, and recommendations as you can for the types of needs that 
you would like to see addressed by the roadmap. 
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OPPORTUNITIES that a possible TWTR might attempt to REALIZE? 
Please list as many ideas, suggestions, and recommendations as you can for the types of 
opportunities that you would like to see addressed by the roadmap. 
 
ASPIRATIONS that a possible TWTR might attempt to FULFILL? 
Please list as many ideas, suggestions, and recommendations as you can for the types of aspirations




Please list as many ideas, suggestions, and recommendations as you can for any other issues that 
you would like to see addressed by the roadmap. 
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CHARRETTE INPUT SHEET NO. 4: 
Developing a Plan of Action
A. Elevator Pitch
Based on the discussions today, how could/would you describe succinctly the value/benefit of 
developing a TWTR, and what could/would be its strategic importance for the State of Texas?
B. Strategic Goal (i.e., What to do…)
Please establish a set of general strategic goals, which will enable the development of a potential
TWTR. Each goal established should define the tactical objectives and a preliminary operational plan of 
action:
Brief description of a strategic goal
45
C. Associated Tactical Objectives and Preliminary Operational Plans of Action (i.e., 
How to do it and with what…)
For each general strategic goal defined in B, above, please list the principal specific tactical objectives
required to achieve it. Each tactical objective established should define the following elements:
Brief description of a tactical objective
What needs to be done to achieve the objective (i.e., specific tasks)? 
Why (i.e., justification of these tasks)?
How (i.e., procedures/methods to be followed)?
Who (i.e., responsibility for execution of the tasks)?
With What (i.e., resources required to complete the tasks)?
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When (i.e., target date for completion of the tasks)?
Where (i.e., location for the execution of the tasks)?
Metrics (i.e., how will progress be measured)?
Assumptions and Expectations 




Wants, Needs, Do’s, and Don’ts






[Note: Repeat steps B & C, as needed, for additional strategic goals and tactical objectives.]
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D. Commitments
To ensure achieving the plan of action for the development of a potential TWTR, define the 
commitments that need to be made.
Personal Commitments
Please list at least one specific individual commitment to the development of a potential TWTR, which
you are willing to make from a personal point of view.
 
Institutional Commitment
Please list at least one specific institutional commitment to the development of a potential TWTR, which
you are willing to make from an institutional point of view (i.e., the organization you represent).
 
Commitment from Others
Please list at least one specific commitment to the development of a potential TWTR, which you would 
like to see from other individuals or organizations. Please name the individual or the organization, if 
any, that you would like to see make the commitment. 
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CHARRETTE INPUT SHEET NO. 5:
Reflections on, and Assessment of, the Forum
“Bugs”













Please list any muddy points (i.e., anything that may not be clear) and/or specific questions that might 








Please list any specific insights, revelations, or lessons learned that might have been generated by the 
topics presented and discussed at this forum, which you will take away with you.
 
Grade




1 2 3 4 5 6 7 8 9 10
Perfection
If the grade you gave is not 10, what could/should/might/must be done to make it a 10?
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Append ix  V  — Pre-Forum Background
Texas Water Technology
Roadmap Forum
A Water Technology Roadmap Forum Facilitated through 
an Interdisciplinary and Multi-Stakeholder “Charrette”
Organized by:
The Meadows Center for Water and the Environment &
STAR Park at Texas State University
AccelerateH2O – Texas Water Technology Accelerator
The Water Institute of Texas
and
The National Science Foundation Research Coordination Network on Climate, Energy, 
Environment and Engagement in Semiarid Regions
Underwriting Sponsor
The Wells Fargo Foundation
Co-Sponsors
The Meadows Foundation
The Texas Research and Technology Foundation
 
Location and Date:
The University of Texas at San Antonio (UTSA) – Downtown Campus
Durango Building, Southwest Room
501 West Cesar Chavez Blvd., San Antonio, TX 78207 
Parking: Lot D3
Coffee - registration - networking: 8:00 AM to 8:45 AM




Overview of the Roadmap Forum
Sponsors
This one day forum – to be conducted through a facilitated charrette - is underwritten by the Wells
Fargo Foundation, and co-sponsored by the Meadows Foundation, and the Texas Research and 
Technology Foundation. The Forum is convened by The Meadows Center for Water and Environment
and STAR Park at Texas State University, AccelerateH2O – the Texas Water Technology Accelerator,
the Water Institute of Texas, and the National Science Foundation funded Research Coordination 
Network of Texas universities and institutes on climate, energy, environment and engagement in 
semiarid regions (RCN-CE3SAR).
Goals and Objectives
The main goal of the Forum is to prioritize and frame key milestones for a bold plan to initiate a "Texas 
Water Technology Roadmap" and a subsequent strategy on a “Pathway to Commercialization,” which 
will help guide Texas toward global leadership in water technology. To achieve these goals, the Forum 
brings together, by invitation only, individuals from diverse technical and business backgrounds in 
water. These individuals are interested in accelerating growth of Texas’ water technologies, industries, 
and sustainable water use. They represent Texas’ leading water, industry, and economic development 
associations; residential, industrial, and agricultural organizations; university research centers and other 
Texas research institutes; and non-profit centers of excellence. An explicit intent of this forum is to 
complement, supplement, strengthen, enhance, and extend the work, efforts, and accomplishments of 
these key stakeholders, and to offer a collaborative model and mutually beneficial solutions. Three 
objectives guide the Forum:
• To generate the first-ever Texas Water Technology Roadmap that will position the State to
become a global water technology hub.
• To define a specific process to more effectively link research, expertise, facilities and programs,
addressing our current challenges and long-term competitiveness.
• To form “innovation teams” within a virtual “collaboratory” that crosses disciplines, campuses,
networks, and resources to implement recommendations and support vital roadmap activities.
Rationale
Why does Texas need a roadmap? While many efforts to address Texas’ water matters have been
undertaken, largely missing from the dialogue has been the creation of statewide and regional
technology roadmaps. This “map” can be viewed as a tool to match goals with specific technology
solutions, often including tactics, activities, and investments supporting current and future
competitiveness and technology development. Texans have used such roadmaps in the past to attain 
global leadership in energy and agriculture, in transistors and microprocessors, and in life sciences and
semiconductors. In short, a technology roadmap will show Texans the many connections and specific
routes to sustainable water use, innovation, accelerated commercialization, and economic
competitiveness.
Framework
The Forum builds upon recent work by AccelerateH2O, which, in cooperation with others, has worked
to identify critical technical needs for water technology in Texas, finding significant opportunities for
innovation and commercialization, in areas such as desalination, reuse, conservation, and ‘smart-water’ 
technologies (sensors, monitors, data analytics). The Forum will (1) further focus/refine technology 
needs and targets, (2) define the current scientific and technical capacity of the State’s centers of
research (i.e., academia, industry, non-profit) to address these needs, (3) provide a point of departure 
for the process of building a water technology roadmap for Texas, and (4) emphasize market-based
and innovation-driven outcomes.
Page 2 
T e x a s  W a t e r  T e c h  R o a d m a p  F o r u m
52
A  R a c e  A g a i n s t  T i m e
The topic of “water” has many dimensions, as is displayed in Figure 1. Therefore the overall topic is
framed within a broad context that reflects the world we live in today and is influenced by “Volatility, 
Uncertainty, Complexity, and Ambiguity” (VUCA). 
Water challenge dimensions, such as - economics, politics, social factors, protecting the environment, 
technologies, laws, policies and regulations, are all interconnected, interrelated, and interdependent.
Add multiple stakeholders with multidisciplinary backgrounds, add multi-institutional and even 
multinational audiences, and water soon becomes a very complex topic.
Figure 1. The General Context for the Charrette
Addressing this context and all of these dimensions is completely outside the scope of the Forum and 
facilitated charrette. Consequently, the focus of the Forum is on one area: the technology dimension 
of water, as shown in Figure 2.
Figure 2. The Framework for the Charrette
Page 3 
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A goal of the Forum - and instruction to facilitators - is to structure the discussions among participants 
around the identification, organization, and documentation of data, information, knowledge (as 
expressed in best practices), experience (as expressed in lessons learned), and wisdom across a 
broad continuum. Discussion will focus on the following:
(1) An initial set of existing technologies that define the status quo, together with a baseline of 
questions that have not been answered, problems that have not been solved, needs that have not 
been satisfied, opportunities that have not been realized, and aspirations that have not been 
fulfilled.
(2) A set of next-generation emerging technologies resulting from research that leads to 
development, development that leads to demonstration, demonstration that leads to deployment, 
and deployment that leads back to research, while continuously conducting dissemination and 
constant evaluation.
(3) A final set of breakthrough, revolutionary, and disruptive technologies that define a vision of the 
future state of outcomes composed of answers to the questions, solutions to the problems, 
satisfaction of the needs, realization of the opportunities, and fulfillment of the aspirations.
Process
The Forum will be facilitated using a charrette process. This will be an intensive workshop involving 
people working together under compressed deadlines. Charrettes are commonly used in urban 
planning and architecture. They provide for an interactive pace in which a diverse group of 
stakeholders, representing pluridisciplinary perspectives (i.e., multi-, inter-, cross-, and trans-
disciplinary) on a given topic, come together and follow a rigorous, facilitated vision-driven process to 
achieve established outcome-oriented goals and objectives. 
Charrettes are especially suited to encouraging discussions that go beyond conventional thinking, and 
that stretch the envelope of the status quo into the realm of new possibilities. They also are an effective 
means to initiate collaboration among a diverse group of parties with common interests. The charrette 
process combines techniques often referred to as brainstorming. The charrette provides for divergent, 
lateral, provocative, and convergent thinking. Charrettes allow ideas to flow in an open way, each new 
thought building upon the suggestions of all participants, while capturing key ideas of the discussion, 
and creating lists, issue maps, and diagrams. These all help charrette participants to visualize 
alternatives and to discuss and evaluate best choices.
The Dean of the College of Architecture at Texas A&M University, Dr. Jorge Vanegas, will lead the
charrette. Dr. Vanegas is well-known for his facilitation skills and is providing support to the Forum
through, RCN-CE3SAR, where he is a member of the Steering Committee.
To begin, participants will examine the most critical issues facing residential, commercial, agricultural, 
and utility-based water interests. Participants will focus on aspects of these issues that can be 
addressed through technology innovation and market-driven solutions. 
Moving from a generalized discussion to a more specific level of the scientific and technical, 
participants will prioritize urgent and near-term needs and gaps from an end-user, market perspective.
Based on this framing of issues, participants will work in smaller cross-function groups of the research 
and IP development communities, and demand side of technology (such as suppliers, industry, and 
utility representatives). These groups will define scenarios for collaboration, coordination, and 
alignment of immediate opportunities (proof of concept, pilot projects, demonstration and validation).
A final full-group session will create an initial list of ‘targets of opportunity’ for which participants will be 
asked to continue their discussion, engagement, and partnership in a post-forum process.
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Post-Forum Activities
Following the Forum, information collected during the course of the day will be used to begin drafting 
the roadmap.
The facilitator, members of the Forum planning committee, and any volunteers from among the 
participants will assist in developing the initial draft roadmap document of findings and 
recommendations. A final report and associated briefing on Forum results will be disseminated among 
all participants, and will contain:
• An initial plan of action for completing an initial version of the water technology roadmap for 
Texas, based on the results of the Forum and subsequent discussions;
• A collective consensus of (1) baseline information; (2) vision and anticipated desired outcomes;
(3) possible pathways on how to move between the baseline and desired outcomes; (4) 
indicators, metrics, benchmarks, and assessment mechanisms, and; (5) potential challenges.
• An inventory of assets, which identifies existing talent, infrastructure (data, information, 
knowledge, experience, resources, tools, etc.), and capacity that can be leveraged 
collaboratively and immediately to further develop the water technology roadmap. 
May 1, 2015 is the target date to have a completed version of the Texas Water Technology Roadmap,
though it need be understood that this will be an ongoing and iterative process, where updates and new 
priorities will emerge over time.
Page 5 
55
Append ix  V I - Forum Presentat ion  Graph i cs
F orum fac i l i tator  Dr.  Jorge Vanegas  presented informat ion and introduced forum hosts,  speakers and session faci l i tators.  This 
append ix  d i sp lays  presentat ion  graph ics  used  by  Dr.  Vanegas .
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Append ix  V I - Forum Presentat ion  Gra p h ic s
57
T e x a s  W a t e r  T e c h  R o a d m a p  F o r u m
58
A  R a c e  A g a i n s t  T i m e
59
T e x a s  W a t e r  T e c h  R o a d m a p  F o r u m
60
A  R a c e  A g a i n s t  T i m e
61
T e x a s  W a t e r  T e c h  R o a d m a p  F o r u m
62
A  R a c e  A g a i n s t  T i m e
63
T e x a s  W a t e r  T e c h  R o a d m a p  F o r u m
64
A  R a c e  A g a i n s t  T i m e
65
T e x a s  W a t e r  T e c h  R o a d m a p  F o r u m
66
A  R a c e  A g a i n s t  T i m e
Append ix  V I I  — Forum Webs i te
T he  forum was  supported  through  a  spec ia l l y  des igned  we b -s i te  that  prov ided background,  reg ist rat ion  l inks ,  pre-forum 
mater ia ls ,  access  to  e lectronic  input  sheets ,  example roadmaps, 
fa c i l i t y  i n fo r m at i o n ,  a n d  m a p s  to  t h e  s i te  o f  t h e  fo r u m .  T h i s 
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